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FABRICATION AND CHARACTERIZATION OF NANOMETER-THICK COMB-LIKE POLYMER FILMS 
Nanometer-thick perfluoropolyethers (PFPEs) have found important application in nanotechnology as 
lubricant coatings. One of the most notable applications is in the computer industry, as these PFPEs 
serve as media lubricants for hard disk drives (HDDs). PFPEs are extremely effetive lubricants due to 
their low surface energy, low vapor pressure, and chemical stability. 
Unfortunately, PFPEs have two issues. First, they are quite expensive. Second, PFPEs have 
environmental concerns. There is evidence suggesting possible bioaccumulation and toxicity of these 
PFPEs in the environment. These two issues are related to the perfluorinated nature of the PFPEs, and a 
solution is to switch to a partially fluorinated polymer. 
In this research, partially fluorinated comb-like polymers (CLPs) are being evaluated as an alternative to 
the commonly used PFPEs. Unlike PFPEs, CLPs have a hydrocarbon backbone with fluorocarbon side 
chains. CLPs should still be able to achieve the desired low surface energy due to how the molecule's 
fluorinated side chains "stand up". CLPs should also be able to achieve similar interaction with the 
surface of the substrate because of its polar end groups. 
The CLP being tested in this research is Polyfox PF-636, and it is being evaluated against state-of-the-art 
PFPE Zdol4000. The films are dip-coated and then analyzed with an ellipsometer, optical microscope, 
and water contact angle machine. 
Results showed that PF-636 has similar properties to Zdol4000. Thin films were successfully fabricated 
and analyzed, and data suggested PF-636 can achieve the desired low surface energy. Further research 
will be taking place to confirm all results.   
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CAUSES AND BENEFITS OF SEXUAL CANNIBALISM 
Precopulatory sexual cannibalism may represent the most extreme form of sexual conflict because it 
necessarily truncates the reproductive potential of the victim.  Three of the most prominent 
mechanisms invoked to explain the incidence of precopulatory sexual cannibalism are the “adaptive 
foraging,” “aggressive spillover,” and “mate choice” hypotheses.  These hypotheses argue that 
cannibalism is the result of either (1) the result of females gauging the benefits of suitors as mates 
versus prey, (2) a by-product of selection on aggression in non-reproductive contexts, or (3) a 
mechanism by which females express their mating preferences, respectively.  We tested the prediction 
of these hypotheses in the funnel-web spider Agelenopsis pennsylvanica using staged laboratory 
encounters.  We then tracked numerous fitness proxies of cannibalistic versus non-cannibalistic females 
to determine whether cannibalism is associated with increased female performance.  We found that 
more aggressive females and those deprived of food were more likely to engage in precopulatory 
cannibalism.  Cannibalism was not associated with male condition, male or female body size, nor with 
the mass of females’ egg cases, the number of eggs therein, or the mass of individual eggs.  In contrast, 
there was a positive association between the mass of the egg case and the number of offspring that 
emerged for cannibalistic females, but not for non-cannibalistic females.  Thus, offspring of cannibalistic 
mothers appear to have increased hatching success in heavier egg cases.  This may represent a novel 
advantage associated with sexual cannibalism.   
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DEVELOPING A CONTROLLED, SEQUENTIAL DELIVERY SYSTEM OF ALGINATE MICROPARTICLES FOR 
RELEASE OF POSITIVE GROWTH FACTORS 
The research this abstract details is exploring the formulation of alginate microparticles for the 
sustained release of positively charged growth factors.  Microparticles are spherical particles roughly the 
size of a cell that encapsulate a drug and gradually release it through diffusion and breakdown of the 
particle [1]. In our lab’s previous studies, we found that it is difficult to release positive growth factors 
from the more commonly used biomaterials.  The difficulty likely stems from a charge interaction 
between the positive growth factor and the negative charge the biomaterial develops as it breaks down 
[2]. This study focused on alginate because alginate dissolves fairly quickly [3]. If the alginate is not 
present, there is no interaction to delay the release of a drug.  We specifically explored the microparticle 
composition by looking at the percentage of alginate used in relation to the other ingredients in the 
particle. Particles with varying percentages of total alginate (4%, 3%, 2%, 1.5%, 1%) were made 
containing Platelet Derived Growth Factor (PDGF) and used in a release study for 38 days.  Overall, as 
the percentage of alginate was lowered, the corresponding particles released growth factor faster.  
However, there was also a minimum percentage for effective release, as the 1% particle released less 
growth factor more slowly than other particles. This was most likely due to a low encapsulation 
efficiency of growth factor. With the data from these alginate studies, we may soon be able to design a 
sustained release system for positively charged growth factors. 
[1] Sinha, V. and Trehan, A. Biodegradable Microspheres for Protein Delivery. Journal of Controlled 
Release. (2003) 90: 261-280. 
[2] Hariharan, S., Bhardwaj, V., Bala, I., Sitterberg, J., Bakowsky, U., and Kumar, M. Design of an Estradiol 
Loaded PLGA Nanoparticulate Formations: A Potential Oral Delivery System for Hormone Therapy. 
Pharmaceutical Research. (2006). 23: 184-195. 
[3] Gombotz, W., and Wee, S. Protein Release from Alginate Matrices. Advanced Drug Delivery Reviews. 
(1998) 31: 267-285 
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EXAMINING THE TOXOPLASMA GONDII PROTEOME FOR PRIONOGENIC PROTEINS 
Toxoplasma gondii is an obligate intracellular protozoan parasite and the causative agent of the 
potentially lethal disease Toxoplasmosis. As much is still unknown about the T. gondii proteome, my 
research focuses on the possibility that T. gondii expresses prionogenic proteins.  
Prions are infectious misfolded proteins responsible for lethal transmissible spongiform 
encephalopathies in humans and other mammals. Also, prionogenic behavior of MAVS (Mitochondrial 
Antiviral Signaling protein) has recently been discovered to play a role in innate mammalian immune 
response. Prions have been identified in yeast as well, where they have beneficial roles. We hypothesize 
that T. gondii expresses prionogenic proteins, which possibly play a role in parasite pathogenesis. To test 
this hypothesis, the T. gondii proteome was first examined globally for amyloid aggregates, hallmark 
prionogenic structures. In this analysis, parasite proteins were labeled globally using Click Chemistry and 
aggregates identified using semi-denaturing agarose gel electrophoresis (SDD-AGE). SDD-AGE results 
indicate T.gondii does express amyloidgenic proteins. These proteins will be gel-extracted, isolated, and 
identified using mass spectroscopy. Also, 41 putative prionogenic proteins have been identified in T. 
gondii using the prion aggregation prediction algorithm (PAPA). Several of these candidates will be 
tagged and overexpressed in T. gondii for further analysis. Currently, one such target gene has been 
cloned and transfected into parasites. 
To explore the possible role of prionogenic proteins in host-parasite interaction, host-cell proteins from 
both infected and uninfected host cells will be globally labeled and analyzed for differential aggregation 
using SDD-AGE. Any differentially aggregating proteins will be isolated for continuing analysis.  
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A COUPLED LEFT VENTRICLE-SYSTEMIC ARTERIAL CRICUATION MODEL WITH APPLICATION TO UTERINE 
ARTERY DOPPLER ANALYSIS 
The traditional interpretation of an abnormal Uterine Artery Doppler (UAD) scan is that there is a 
problem in the uteroplacental circulation.  However, there is reason to believe that aberrations in 
uteroplacental circulation are not the sole determinants of abnormal UAD; problems in the systemic 
circulation can also contribute.  It is not feasible to experimentally quantify the relative contributions of 
the systemic and uterine circulations to an abnormal UAD under in vivo conditions, so a mathematical 
modeling-based approach is ideally suited for this purpose.  Using the existing validated models of the 
left ventricle (LV) and systemic arterial circulation (SAC), I have implemented a coupled LV-SAC system 
model that is able to accurately reproduce pressure and flow waveforms at various cardiovascular sites.  
I am presently modifying this coupled model to include the uteroplacental circulation.  This final coupled 
model will enable a level of analysis sophisticated enough to rigorously explore the stated question.   
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THE EFFECTIVENESS OF AN OFF-LOADING KNEE BRACE ON MEDIAL COMPARTMENT JOINT SPACE 
The purpose of this study was to quantitatively determine the effect of an off-loading brace (Defiance, 
DJO) on the medial compartment of the knee joint during gait. Ten patients with confirmed medial 
compartment osteoarthritis (OA) were recruited in this IRB-approved study and fitted with a brace 
according to the manufacturer’s guidelines. After a minimum of two weeks of daily wear, dynamic 
stereo X-ray technology and an acquired CT scan were used to assess the three-dimensional movements 
of the knee joint under braced, and unbraced conditions1. The resulting kinematics were evaluated 
using a previously validated model-based tracking system accurate to ±0.2 mm 2. The articular surface 
of the medial tibia compartment was divided into 15 regions and the joint space, the distance to closest 
point on the femur for each region in the 200 ms post-heelstrike time interval, was calculated. The six 
regions with the smallest joint space were selected and evaluated using analysis of variance (SPSS v20 
software) (&#945;=0.05). A statistically significant increase in the average joint space of the medial tibia 
compartment (p < 0.024) was detected as the six subregions experienced a 0.39 mm average increase in 
joint space during application of the off-loading brace. This increase in joint space suggests that the 
brace is effective at reducing joint loading in the medial compartment, which may relieve joint pain and 
improve function for patients with medial compartment OA. 
References: 
1.  Tashman S, Kolowich P, Collon D, Anderson K, Anderst W. Dynamic function of the  
ACL-reconstructed knee during running. Clin Orthop Relat Res. 2007 Jan;454:66-73. 
  2.    Anderst W et al, Med Eng Phys, Jan;31(1):10-6, 2009. 
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ANALYSIS OF T-ANTIGEN FROM A NOVEL POLYOMAVIRUS 
Polyomaviruses are studied because of their ability to interfere with cellular pathways and induce 
transformation phenotypes, which have been associated with tumorigenesis.  Simian Virus 40 (SV40) has 
been studied and characterized to contain a gene which encodes a polyprotein, or has multiple splice 
variants which encode individual proteins.  The polyproteins expressed by SV40 are Large T-Antigen (LT), 
small t-antigen (st), and 17k t-antigen (17kt).  Bandicoot Papillomatosis Carcinomatosis Virus Type 2 
(BC2) is a novel virus discovered in cancerous legions of the southern brown bandicoot in the early 
2000s.  Upon sequencing the BC2 genome, a similarly structured polyprotein gene was annotated; 
however, mRNA and protein expression have not been characterized in vitro or in vivo.   
After tagging the C-terminal region of the BC2 gene, protein expression was undetectable by western 
blot.  Altered phenotypes of BC2 plasmid infected cells in vitro indicate some expression.  Our 
hypothesis is that the polyprotein gene is encoding a different splice variant than previously predicted 
by SV40 and therefore, the tag is not being expressed on the protein.  BC2 gene truncations were 
analyzed via mRNA analysis.  mRNA was detectable in the N149, N369, LT, and st constructs, but not in 
the N263 or N264-634 constructs.  Full sequence amplification and multiple splice patterns were 
observed in the N149 and N369 constructs resulting in annotation of an N-terminal intron.  Abundant st 
splice patterns were observed in vivo; a result contrasting that observed in SV40.  Future experiments 
look to explore the function of st in vivo. 
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NEUTROPHIL TRANSEPITHELIAL MIGRATION IN THE SMALL INTESTINE OF MICE INFECTED WITH 
TOXOPLASMA GONDII 
Neutrophils are the first line of defense in the innate immune system and are rapidly recruited from the 
blood into inflamed tissues where they engulf and destroy invading micro-organisms. At mucosal 
surfaces, neutrophils can also migrate across epithelial layers and accumulate in the mucus of the 
lumen. This accumulation, if left uncontrolled, may contribute to pathology and is a characteristic 
feature of human inflammatory diseases, such as Crohn’s Disease in the gastrointestinal tract and Cystic 
Fibrosis in the respiratory tract. Oral infection of an inbred strain of mice with Toxoplasma gondii results 
in the development of small intestinal pathology and provides a useful in vivo model to study neutrophil 
transepithelial migration. Epiflourescent microscopy was used to gather evidence in support of the 
migration of neutrophils across the intestinal epithelium to the mucus layer. Flow cytometric analysis 
confirmed an infection-induced increase in neutrophils in the intestinal lamina propria, epithelium, and 
mucus. Interestingly, this analysis also revealed that a large proportion of neutrophils harbored 
parasites. Taken together with the evidence for neutrophil transepithelial migration, this suggests a 
possible role for neutrophils as reservoirs for T. gondii to aid in the spread of infection. This model will 
allow us to address the role of neutrophil transepithelial migration during T. gondii infection and in 
inflammatory conditions of the intestine. Specifically, we will address whether this process plays a 
protective role, contributes to pathology, or plays a role in the spread of infection.   
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CULTURAL AND GENDER DIFFERENCES IN INDIVIDUAL AND INSTITUTIONAL FORMS OF AGGRESSION 
The researchers wanted to investigate how young adults view institutionalized and individual forms of 
aggression.  Cultural and gender differences were discussed in relation to the data collected.  The survey 
was administered anonymously to male and female undergraduates in the United States (167 men and 
127 women), Japan (54; 174), South Korea (196; 176) and China (65; 120). We looked at the 
acceptability of aggression in warfare [“War can be just”].  Men agreed more across all countries, with 
the highest means in China and the lowest in Japan.    Another form of institutional aggression involved 
the penal code [“Capital punishment is often necessary”].  Again, men were more in favor across all 
countries.  Penal code aggression was most favored in Japan and least favored in China.  For individual 
aggression, one scale measured the belief that parents should punish their children physically for 
wrongdoing [“Children should be spanked for temper tantrums”].  On this measure, men again agreed 
more, with students from Korea most agreeing and those from the U.S. agreeing least. Included is a 
discussion of the possible reasons behind the finding that women were less supportive of all forms of 
aggression than men and the cultural differences in specific forms of aggression and specific patterns 
across countries.   
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Effects of isometric elastic force fields in organization of wipe reflex in adult spinalized bull-frogs 
 
Adult spinalized bull frogs (Rana catesbeiana) are capable of organizing targeted reflex responses to 
noxious stimuli. There is also evidence to show that in the absence of supraspinal brain control, the 
spinal cord can organize in-wipe corrections to obstacles and other cutaneous stimuli and to loading and 
unloading of the limb. Although some studies have shown that force perturbations tend not to affect 
the reflex, certain evidence indicates that the spinal cord has the ability to integrate cutaneous and 
proprioceptive information in organizing reflex and reflex corrections. Furthermore, organization of such 
multi-jointed, multi-muscle reflexes with complex motor patterns has been found to have modular basis 
in the form of muscle synergies and patterns with neural underpinnings. In this study, we explore the 
effects of robotic application of an isotropic elastic force field to the hind limb of an adult bullfrog during 
a targeted hind-limb to hind-limb wiping reflex. We study the interaction of the wipe under varying 
levels of stiffness (zero, moderate and high), examine the modularity in these motor patterns and try to 
find neural representations in the spinal cord. Preliminary results from Independent Components 
Analysis of the EMG signals show evidence of amplitude modulation of component activations at high 
stiffness and phase modulation at moderate stiffness. Unlike simple inertial loading, elastic fields 
prevent successful wipes, despite partial compensations. Preliminary results also suggest that spike 
triggered averaged neurons correlate strongly with muscles that are differentially activated during 
various force conditions. Further investigation must be undertaken to confirm this correlation.   
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&#978;-FeNi MAGNETIC NANOPARTICLES WITH TUNABLE CURIE TEMPERATURES FOR SELF-REGULATED 
HYPERTHERMIA 
Nanocrystalline powders of (Fe70Ni30)100-xMox (x=1 to x=4)  were produced by high energy (SPEX) 
mechanical alloying. Increasing the Mo content was found to stabilize the FCC phase in mechanically 
alloyed nanopowders. To obtain a single &#947;-phase, a powdered sample was solution annealed in 
the &#947;-phase field and water quenched. The Curie temperature, T-c, of the alloys was lowered with 
Mo additions due to the additional temperature broadening of the magnetic entropy change. Based on 
the previous study on the role of disorder, the additional temperature broadening was attributed to the 
increased positional disorder introduced by the Mo additions into the &#947;-FeNi system. The lowered 
T-c was found to be in the desired range for application in cancer hyperthermia treatment, that of  
40-50 °C.   
 
Funding:  NSFOlivia A. Creasey 
Department of Bioengineering 
Swanson School of Engineering 
University of Pittsburgh 
 
Faculty Mentor:  Dr. Heuy-Ching Hetty Wang 
EFFECT OF EMBRYOID BODY SIZE ON DIFFERENTIATION OF IPS CELLS INTO NEUROECTODERMAL-
LINEAGE OCULAR CELLS 
Potential therapies to halt or reverse cell death-associated vision loss require replacement of damaged 
cells with stem cell-derived tissues. Current differentiation methods for human pluripotent cells allow 
derivation of neuroectodermal cells at low efficiencies. Higher efficiency differentiation is essential for 
clinical application of cell-based therapies. Researchers have shown that embryoid body (EB) size affects 
the differentiation of stem cells into germ layers. This study investigates the effect of EB size on 
differentiation of human induced pluripotent stem (hiPS) cells into neuroectodermal cells.  
AggreWell plates were used to form hiPS cells into different-sized EBs. The EBs were plated on Matrigel 
and fed with differentiation medium. The expression of PAX6, a neuroectodermal marker, was 
determined by RT-PCR at Day 6, Day 17, and Day 29. Expression of MiTF, a marker specific to 
neuroectodermal-lineage ocular cells, was determined at Day 17 and Day 29.  
PAX6 and MiTF were expressed in all four EB sizes. At Day 6, PAX6 expression increased with EB size. At 
both Day 17 and Day 29, the 500 and 3000 cell EBs expressed more PAX6 than the 200 or 15000 cell EBs. 
At Day 17 expression of MiTF was higher in the 200, 500, and 3000 cell EBs than in the 15000 cell EBs. At 
Day 29 expression of MiTF was highest in the 500 cell EBs.  
These results show that gene expression differs between different EB sizes. They also show that 
medium-sized EBs (500 and 3000 cells) are best for differentiation of neuroectodermal-lineage ocular 
cells.   
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EFFECT OF MYC POINT MUTATIONS ON MITOCHONDRIAL DYNAMICS 
The oncoprotein c-Myc (Myc) is deregulated in many forms of cancer. Myc regulates many cellular 
functions relating to transformation including proliferation, survival, metabolism and genomic 
instability. Myc is wild type (wtMyc) in most cancers and is primarily deregulated via overexpression. 
Two Myc point mutants alter single residues in the protein’s Myc Box II (MBII) domain; C133S and 
F138C. The MBII domain is essential for many functions of Myc, including transformation. Recently, Myc 
has been demonstrated to regulate mitochondrial biogenesis by regulating mitochondrial dynamics. 
Cells with increased Myc expression are more predisposed to fusion, resulting in a larger and more 
interconnected mitochondrial network. I studied the C133S and F138C mutants to test for alterations of 
this aspect of the Myc phenotype. My hypothesis was differences in mitochondrial biomass and 
dynamics would be observed among the Myc point mutants and wtMyc cells. The synthetic point 
mutants were previously generated using point mutagenesis on a wtMyc lentiviral vector. To assess 
mitochondrial biomass, cells were stained with 10-nonyl acridine orange (NAO) and MitoTracker Green 
(MTG) and analyzed using flow cytometry and confocal microscopy. qRT-PCR was used to measure the 
levels of Myc and mitochondrial fusion and fission proteins. MTG data showed C133S and F138C having 
similar biomasses. NAO measurements showed F138C having a considerably larger biomass than C133S 
and wtMyc, potentially indicating an altered mitochondrial membrane structure. qRT-PCR showed 
C133S has significantly increased levels of the fusion protein MFN2 and fission protein FIS1, possibly 
representing an inability of Myc to bind to other proteins.   
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WHAT IT TAKES TO BE A MAN: MALE FERTILITY IN FRAGARIA VESCA SUBSP. BRACTEATA 
Through the study of sexual systems in the Fragaria genus, we can more fully understand the evolution 
of separate sexes in flowering plants. The evolutionary pathway from hermaphroditism (plants having 
both male and female function) to dioecy (female and male morphs) often passes through an 
intermediate step of gynodioecy (male-sterile individuals and hermaphrodites).  Females, only able to 
pass gametes via ovules, while hermaphrodites pass gametes via both pollen and ovules, are 
reproductively disadvantaged and thus females must compensate for lack of male function for 
maintenance. Recent data suggests inheritance of sex in F. bracteata, a gynodioecious woodland 
strawberry species, may be dependent upon the interaction between both cytoplasmic and nuclear 
genes. Theory suggests that female maintenance would require a small compensatory advantage over 
hermaphrodites under cytonuclear sex determination. The evolution of a nuclear gene, which restores 
male fertility, could lead to a decrease in pollen viability (cost) and, at the population level, a decrease in 
female frequency. Data on pollen quality and population sex ratios could provide insight into the 
complicated sex-determining system in F. bracteata. To this end, we crossed females from two 
populations by hermaphrodites from both populations, and performed self-pollinations on 
hermaphrodites. We determined sex ratios of the offspring of each family to infer the genetic 
mechanisms that determine sex. Thus far, one population demonstrates characteristics of a population 
with cytoplasmic-nuclear sex control with dominant nuclear restorers at work.  This research will 
continue by further collection of sex ratios and identifying pollen quality/quantity of hermaphrodite 
offspring from these crosses.   
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TOXOPLASMA GONDII VIRULENCE GENES ARE FUNCTIONALLY CONSERVED IN A CLOSELY RELATED, 
NONPATHOGENIC SPECIES 
Toxoplasma gondii is an obligate intracellular parasite which is capable of causing severe disease in 
healthy and immunocompromised humans. T. gondii is an extraordinarily successful parasite and can 
infect nearly all warm-blooded animals. Parasite survival within a host is highly dependent on secreted 
effectors, and these include ROP18 and ROP5 which are key T. gondii virulence genes. 
ROP18 and ROP5 disrupt the murine innate immune response by preventing Immunity Related GTPases 
(IRGs) from interacting with the parasite-containing vacuole (PV) within the host cell. Following 
induction by interferon-gamma, IRGs are expressed and coat and rupture the parasitophorous vacuole, 
leading to parasite death. ROP18 and ROP5 interfere with IRG loading onto the parasitophorous vacuole 
via direct phosphorlyation of IRGa6 and IRGb6.   
The closest extant relative of T. gondii is Hammondia hammondi, which is remarkably nonpathogenic 
and has a very limited host range despite a high degree of genetic similarity with T. gondii. We 
sequenced the H. hammondi genome and found that ROP18 and ROP5 are not only conserved but, 
surprisingly, functional as virulence genes when expressed in T. gondii.  Our preliminary data suggest the 
virulence effects of H. hammondi ROP5 and ROP18 is due to disruption of IRG loading onto the PV.   
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THE ROLE OF DROSOPHILA ATP-BINDING CASSETTE (ABC) TRANSPORTERS IN PRUNING OF NEURONS  
BY GLIA 
 
Removal of apoptotic cells by phagocytes, a process called efferocytosis, prevents inflammatory 
responses and autoimmunity. The removal of injured neurons by glia as well as pruning and remodeling 
that are part of normal growth and development share with efferocytosis a well-conserved group of Cell 
Engulfment Deficiency (CED) genes [originally identified in nematode worms]. CED-7 is a unique cell 
engulfment gene in that it is necessary on both dying cell and the phagocyte. CED-7 belongs to the A 
sub-family of ATP-binding cassette (ABC) transporters that mediate transport and efflux of cholesterol 
and various phospholipids. The fruit fly (Drosophila melanogaster) genome contains ten members of the 
ABCA sub-family; their functions are unknown. We are investigating the role of the ABCA genes in glia 
with respect to their ability to remove severed axons in the fly brain. We are using fluorescently marked 
populations of antennal neurons and glia in combination with RNA interference (RNAi) to specifically 
deplete ABCA transporters in glia. We see preliminary indications that at least some of the ABCA 
transporters are involved in clearance of damaged neurons.   
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THE EFFECTS OF POSITIONING ON THE ACROMIOHUMERAL DISTANCE FOLLOWING UPPER EXTREMITY 
FATIGUING EXERCISES 
Subacromial impingement syndrome accounts for over 50 percent of all shoulder discomfort complaints.    
Within the subacromial space lays the supraspinatus, which is encroached upon if the subacromial space 
becomes too narrow.  Ultrasound imaging was used to evaluate the subacromial space by measuring the 
acromiohumeral distance (AHD), which is the minimum two-dimensional distance between the 
acromion and humeral head.  Five able-bodied participants (age: 31.6 ± 7.3; weight: 180.9 ± 31.5 lbs; 
height: 68.5 ± 1.7 inches) completed external shoulder rotation as well as weight-relief pushup exercises 
while five manual wheelchair users (age: 40.2 ± 11.1; weight: 153.0 ± 27.3 lbs) underwent three four-
minute periods of intense wheelchair propulsion.  Ultrasound images were taken on non-dominant 
shoulders at various degrees of shoulder elevation (0, 45, 90°) before and after exercises.   While no 
prescribed posture was found to be more sensitive to AHD change following exercise, shoulders of 
wheelchair users at 0 degrees abduction and able-bodied participants at 45 degrees abduction did show 
a significant change in AHD when comparing pre and post-exercise measurements.  Further, there was a 
continued decrease in AHD from 0 to 90 degrees of shoulder elevation for able-bodied participants who 
completed external rotation exercises, thus suggesting a decrease in the stabilizing force provided by 
the rotator cuff muscles.  By evaluating the relationship between AHD narrowing and rotator cuff 
muscle fatigue caused by weight bearing activities such as wheelchair transfer, wheelchair propulsion, 
and overhead activities, we could potentially develop training programs for wheelchair users that would 
prevent shoulder impingement.   
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OXIDATIVE STRESS REGULATORS AND BIOFILM FORMATION IN THE CORN PATHOGEN PANTOEA 
STEWARTII 
The Gram-negative bacterium Pantoea stewartii subsp. stewartii is an important pathogen which infects 
sweet corn and maize resulting in the disease, Stewart's wilt. It induces disease by colonizing the xylem 
vessels of seedlings where it aggregates into biofilms. The formation of these biofilms, a crucial 
component of virulence, obstruct water flow leading to wilting and  plant death. When pathogens infect 
plants they must overcome the host defense response which includes the production of toxic reactive 
oxygen species(NO, H2O2). OxyR and SoxR are both conserved bacterial transcription factors that play a 
role in recognizing this redox stress and mitigating it. It has been demonstrated that these oxidative 
stress response proteins also have a role in initial surface-cell attachment and biofilm formation. This 
project will continue this investigation by screening a mutant for the soxR gene(&#916;soxR) to 
determine whether this protein also plays a role in bacterial attachment. A crystal violet staining 
procedure in a high throughput 96 well plate format will be used to quantify levels of attachment 
compared to wild-type and &#916;oxyR.  Furthermore, an OxyR binding domain exists upstream of rtx, a 
gene believed to function in bacterial adhesion based on sequence homology to other adhesin 
expressing genes. Using gateway recombinational cloning we will fuse the rtx domain to a fluorescent 
reporter protein  in the pRH009 plasmid and will then retransform it back into P. stewartii with the goal 
of conducting protein localization studies. The results will provide  insight into P. stewartii biofilm 
formation which could serve useful in designing target specific chemicals that will render xylem-dwelling 
bacteria non-virulent.   
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COMPOSITION-CONTROLLED NIR LUMINESCENCE OF COLLOIDAL NANOPARTICLE ALLOYS 
From bronze to steel, alloyed materials have defined the technological capabilities of their times and like 
their monometallic counterparts, can experience dramatic changes in their physical properties at the 
nanoscale. Indeed, multimetallic nanoparticles promise to provide improved catalysts for efficient use of 
fossil fuel resources as well as multifunctional tools in biomedical applications. However, current 
methods to prepare these particles afford limited tunability of particle composition, especially with 
respect to particle surface structure.  These syntheses also often require energy intensive reaction 
conditions, including high temperature and pressure. In only water, under ambient conditions, we use 
nanoparticle surface chemistry to modulate surface energy and limit metal segregation within alloyed 
nanostructures.  These materials have facilitated some of the first observations of NIR luminescence 
from alloyed nanoparticles. The stoichiometry and atom distribution of metal throughout the particle is 
shown to systematically impact the optical features. Particles exhibit emissions spanning 800-1200 nm 
and Stokes shifts up to 700 nm. The impact of this new class of NIR emitters is discussed in terms of NIR 
imaging and reaction-tracking applications.   
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DEVELOPMENT OF A TISSUE FORCE MICROSCOPE 
The goal of this project was to adapt an earlier design for a custom AFM (Atomic Force Microscope) to 
study the embryonic tissues of the African Clawed Frog, Xenopus laevis.  We chose to name our design a 
Tissue Force Microscope because it will be used primarily for tissue studies.  Our design was based on an 
AFM developed at the Massachusetts Institute of Technology.  It includes the basic mechanical layout 
and laser detection modules, but to adapt this design for biological tissues we reassessed the basic 
functions of this AFM and changed the design.  The following parts differed from the MIT design:  
quadrant detector, laser driver and modified ESD (Electro-Static Discharge) protection and strain relief, 
as well as a Mylar cantilever.  While the MIT team wrote their code in MatLab, we chose to write our 
programs in LabVIEW.  By referencing textbooks and the original MatLab script we were able to write 
the VIs (Virtual Instruments) necessary to control the stage’s movement in steps of approximately 30 
nm.  Unfortunately, the TFM was not completed this summer.  However, since the actual construction is 
nearly complete the project is almost finished.  The final steps include adapting a fluid cell mount, 
creating a Mylar cantilever, and calibrating the entire system.   
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BMP10-LIKE FUNCTIONS REDUNDANTLY WITH BMP10 IN ZEBRAFISH VASCULATURE TO PREVENT 
 AVM FORMATION 
 
ALK1, a TGF-&#946; Type I receptor serine/threonine kinase, is necessary for proper vascular 
development.  Heterozygous loss of ALK1 results in Hereditary Hemorrhagic Telangiectasia Type 2, a 
disease characterized by development of direct connections between arteries and veins; these 
arteriovenous malformations (AVMs) are fragile and prone to rupture which may lead to hemorrhage 
and stroke.  To better understand how Alk1 signals in arterial endothelium, we set out to identify the 
physiological ligand required for normal arterial development and AVM prevention in zebrafish.  Others 
in the lab have demonstrated that bmp10 knockdown via morpholino (MO) results in a robust 
phenocopy of alk1-/- at the molecular level, but the arterial enlargements and AVMs are neither 
completely penetrant nor as robust as in alk1-/- embryos.  I hypothesize that a bmp10 duplicate gene, 
bmp10-like, is partially compensating for bmp10 loss.  From a phylogenetic analysis, Bmp10 is more 
homologous to Bmp10-like than its closest family member, Bmp9.  Both bmp10 and bmp10-like are 
expressed in the heart, suggesting they may be circulating Alk1 ligands.  Furthermore, although injection 
of 3ng bmp10-like MO had no effect on vascular development, co-knockdown of bmp10 and bmp10-like 
produced a more robust vascular phenocopy of alk1-/- than knockdown of bmp10 alone.  These data are 
very preliminary (n=68/79, 86% phenocopy), but nonetheless suggest that Bmp10 and Bmp10-like may 
function redundantly within the zebrafish embryonic vasculature to activate Alk1 and prevent AVM 
formation. 
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IS RHOA REQUIRED FOR SHROOM3 MEDIATED APICAL CONSTRICTION? 
In vertebrates, the central nervous system seen in adult organisms is derived from an embryonic 
structure called the neural tube. Mutations in genes that control neural tube formation cause neural 
defects and diseases such as spina bifida, incomplete closing of the spinal cord, and anencephaly, 
incomplete closing of the cerebrum. Shroom3 (Shrm3) is an actin binding protein that is essential for 
neural tube formation in vertebrate organisms. Shrm3 facilitates neural tube closure by controlling cell 
shape and tissue architecture. Shrm3 functions by recruiting Rock kinase to the tight junctions which 
activates myosinII and causes apical constriction. One proposed pathway for Rock activation is that the 
binding of Shrm3 to Rock causes the protein to unfold, thus activating the kinase which in turn 
phosphorylates myosinII. Alternatively it is possible that Shrm3 localizes Rock while RhoA is needed to 
bind to Rock for kinase activation. To test these hypotheses, Rock genes were knocked down with siRNA 
and then wild type and mutant Rock proteins were re-expressed to test if specific mutants could rescue 
Shrm3 induced apical constriction. Results show that a functional Rho binding domain is not needed for 
cells to apically constrict which supports the first model. We intend to repeat these experiments and 
test other Rock proteins with mutations in the kinase and shroom binding domain. In addition we will 
use immunoprecipitation to measure the extent to which Rock becomes activated in cells expressing 
Shrm3.   
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DESIGN AND EVALUATION OF A MAGNESIUM-BASED RING FOR REPAIR OF A TORN ANTERIOR CRUCIATE 
LIGAMENT 
The anterior cruciate ligament (ACL) is injured during sports and work-related activities. Due to its low 
healing capacity, the current gold standard for treatment for ACL injuries is reconstruction. However, 
potential complications with reconstruction and advances in tissue engineering have led to ACL healing 
being explored as an alternative.  We believe that mechanical augmentation of the ACL is needed to 
restore anterior-posterior joint stability and load the healing ACL at time zero. The objective of this 
study was to design a magnesium (Mg)-based ring and implantation technique to reduce anterior tibial 
translation (ATT) under externally applied loads, and carry in situ force comparable to the normal ACL. 
The ring design was based on dimensions of the goat ACL, and the implantation technique was 
developed with assistance from orthopaedic surgeons. Evaluation of the ring design was performed 
using cadaveric goat stifle joints and a robotic/universal force-moment sensor system. 
ATT values obtained for repair with the Mg-based ring were improved compared to values for the ACL-
deficient knee, and in situ force data indicated that the ACL repaired with the Mg-based ring could carry 
an in situ force similar to the normal ACL. With these encouraging results, we are moving towards our 
goal of developing an in vivo animal model to study ACL healing with mechanical augmentation. 
   
Funding:  Swanson School of Engineering, University of Pittsburgh, Office of the Provost, 
Orthopaedic research laboratory alumni council (ORLAC)Patrick F. Eells 
Department of Mechanical Engineering and Materials Science 
Swanson School of Engineering 
University of Pittsburgh 
 
Faculty Mentor:  Bhavna Sharma 
DESIGN OF A RAPIDLY DEPLOYABLE BAMBOO GRIDSHELL STRUCTURE 
Natural disasters affect many lives around the world each year, and effective disaster relief can help to 
significantly reduce the damage they cause. Emergency shelter, a key component of disaster relief, is 
paramount in providing safety, security, and privacy while preserving communities and maintaining the 
well being of displaced groups of people. Research was performed to evaluate the potential of bamboo 
as a material in rapidly deployable gridshell structures for use in natural disaster relief. Gridshells use an 
innovative architecture that takes advantage of bamboo’s unique material properties to cover a large 
span with relatively little material. The widespread availability of bamboo, as well as the easy 
construction of gridshells gives this design the potential for rapid deployment, which is essential in 
natural disaster relief. The design was conceived using United Nations occupancy and safety standards 
as a guide. Computer modeling and lab testing also aided the design, and a prototype bamboo gridshell 
was constructed. After evaluating the form of the constructed prototype, final design proposals were 
made. The relative environmental impacts of the bamboo gridshell design were assessed using life cycle 
analysis (LCA). Processes from the production of materials through the deployment of the gridshell were 
included in the LCA analysis. Based on the results of the LCA, it is clear that bamboo can be a more 
sustainable option than conventional materials for use in a rapidly deployable gridshell design.   
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MECHANICAL CHARACTERIZATION OF BLOOD CLOT ANALOGUE FOR FUTURE TESTING OF 
ENDOVASCULAR COILING 
Introduction 
A cerebral aneurysm is a dangerous condition caused by the weakening of an arterial wall in the brain 
leading to a ballooning of the vessel. Endovascular coiling involves placement of small platinum coils into 
the aneurysmal sac, initiating a thrombotic reaction reducing mechanical stress on the weak aneurysmal 
wall. Unfortunately, treatment by these coils fails relatively often, based on the percent volume of sac 
filled. This research established a method of creating thrombus analogue controls for future testing of 
coil-thrombus masses. Their properties will be used in a computer simulation to find the optimum level 
of filling. 
Methods 
Five samples were created from EDTA treated bovine blood recalcified with calcium chloride and left to 
clot in room temperature conditions for 1.5 to 3.5 hours in increments of 0.5 hours.  The samples were 
mounted on a custom-built indentation system. A cylindrical flat-punch indenter tip was driven into the 
sample twice for 2 data points per sample. A stepper motor and a load cell synchronously recorded 
corresponding loading and unloading force-displacement data.  This data was analyzed in order to find 
the properties of contact stiffness and tangential elastic modulus.   
Results 
The average unloading stiffness and tangential elastic modulus almost doubled between the 1.5 hour 
sample and the 2 hour one.  The values then stayed around the same for the rest of the samples, 
showing maturation of the clot.   
Discussion 
This was an important step in determining how long it will take for a coil-thrombus mass to mature.  The 
indentation method developed here will be useful in determining some mechanical properties of coil-
thrombus masses.   
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COST-BENEFIT ANALYSIS OF PERTUSSIS VACCINATION AMONG HEALTH CARE WORKERS 
Pertussis (also known as whooping cough) is a highly contagious disease that can cause severe coughing 
fits or more serious complications, especially among infants. Once thought near-eradicated thanks to 
childhood immunization, pertussis has become increasingly prevalent in adult populations over the last 
few decades. The state of Washington declared a pertussis epidemic just this year. Health care workers 
(HCWs) are of particular concern because they bear a higher risk than the general adult population of 
contracting pertussis and they can infect vulnerable patients. The Advisory Committee on Immunization 
Practices has recommended pertussis booster vaccines for all HCWs. However, the pertussis 
immunization rate among HCWs remains around 20%. My research consists of two main tasks. The first 
is constructing a probabilistic model of pertussis transmission in a hospital setting. The second is using 
results from the model to determine the cost effectiveness of pertussis vaccination strategies for HCWs.   
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IMPACT OF SYNDECAN 1 EXPRESSION IN BREAST CANCER CELLS ON BRAIN METASTASIS 
The aims of the study were twofold: 1) To determine whether Sdc1 expression in breast cancer cells 
affects TEM across the blood brain barrier (BBB). 2) To determine whether Sdc1 plays a role in growth of 
metastatic brain tumors. 
Tumor cell attachments were performed to mimic TEM across the BBB. MDA-MB-231 breast cancer cells 
were stably transfected with silencing shRNAmir sequence resulting in a knockdown of Sdc1 expression 
to 25% (Sdc1 KD). In addition, MDA-MB-231 cells were stably transfected with a non-silencing shRNAmir 
sequence, which had 100% expression of  Sdc1 (NS1, control cells). The breast cancer cells were 
attached to three types of cells: human astrocytes (HAs) and two types of endothelial cells: immortal 
human umbilical vein endothelial cells (iHUVECs) and cerebral microvascular endothelial cells (CMECs). It 
was hypothesized that poor attachment of breast cancer cells to the iHUVECs and CMECs would prevent 
TEM and poor attachment to HAs would prevent breast cancer cell growth within the brain. 
Breast cancer cell attachment to iHUVECs, CMECs and HAs was not altered by the level of Sdc1 
expression in the cells. These results suggest that Sdc1 affects the movement of the cells through the 
BBB but not the attachment of the cells to the BBB.  
To examine breast cancer cell behavior in the brain without TEM, the breast cancer cells were directly 
injected into the brain of mice. Both NS1 and Sdc1KD breast cancer cells grew equally well in the brain. 
Immunohistochemistry was used to detect Sdc1 in the brain tumors. Sdc1 was expressed in both the 
NS1 and Sdc1KD breast cancer cells. These results fail to reject the hypothesis that Sdc1 is upregulated 
in the breast cancer cells start growing in the brain. Furthermore, these results suggest that Sdc1 may be 
necessary for TEM and possibly tumor growth in the brain.   
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EDUCATION THROUGH TISSUE ENGINEERING 
Introduction: The PTEI outreach program, “A Starfish Can Grow A New Arm, Why Can’t I?”, in 
collaboration with the University of Pittsburgh and North Carolina A&T State, aims to promote interest 
in the field of tissue engineering (TE) through a 3-week summer camp program. The NSF-funded 
program is based out of Pittsburgh and Greensboro, reaching over sixty middle and high school students 
from various demographic backgrounds. Each summer a select group of bioengineering undergraduate 
students design educational modules to supplement the existing camp curriculum. This summer, our 
objective as interns was to design educational modules that drew a connection between TE and the 
human cardiovascular system.  
Methods: A pig heart model was designed to allow anatomy visualization as well as introduce the 
application of Extracellular Matrix (ECM) as a suitable scaffold for heart tissue repairs. The 
biomechanical properties of pig arteries and veins were then studied. An activity modeling the concepts 
of blood clotting and heart ischemia was introduced to the students, providing a segway into an 
angiogenesis module. Students performed a cord forming assay using Human Microvascular Endothelial 
Cells (HMEC’s).  
Results: The interactive and fluid nature of the models proved to be successful in providing a basic 
understanding of TE applications applicable to and beyond the cardiovascular system. The students 
arrived at the conclusion that tissue engineering is easily modeled with a triangle. Each vertex signifies a 
crucial player in tissue engineering—cells, signals and scaffolds.  
Conclusions: Campers gained advanced analytical and technical skills in the areas of math and science, 
as well as a newfound appreciation for the field of TE.  Perhaps most important, students were able to 
interact with seven bioengineering students with various backgrounds and goals, providing a diverse 
mentoring opportunity.  
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PCSK9 DETECTION USING PROSEEK, A COMPARATIVE STUDY 
High levels of Low Density Lipoprotein (LDL) cholesterol and triglycerides in the bloodstream increase 
the risk of atherosclerosis and other cardiovascular diseases (CAD).  Proprotein convertase subtilisin-
like/kexin type 9 (PCSK9) is a secreted protease that mediates degradation of the LDL receptor in 
hepatocytes; decreasing levels of PCSK9 would decrease levels of LDL in the bloodstream. In the future, 
when testing PSCK9 targeted drugs, PCSK9 will serve as a biomarker.  The objective of this project is to 
use Proseek to detect and quantify scant amounts of PCSK9 in biological samples by first creating a 
standard curve.  The sensitivity and dynamic range of Proseek is further compared to those of alphaLISA 
and DELFIA to find out which assay is optimal for detecting the levels of interest.  Proseek is an 
immunological assay development kit based on Proximity Extension Assay (PEA) technology for protein 
detection.  The standard curves from Proseek, AlphaLISA, and DELFIA were normalized in order to 
compare their respective dynamic ranges and sensitivity in detection of PCSK9.  It was found that at the 
lower detection range AlphaLISA and DELFIA show a sensitivity of ~ 1E-9 M; however, Proseek shows a 
sensitivity of ~ 1 E-11 M.  The dynamic range according to product description is 4-5 log for AlphaLISA 
and DELFIA, while Proseek has a 3 log range experimentally.  Data indicates that Proseek is more 
sensitive at the lower detection limit than the other two methods.   
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INVESTIGATION OF IMIDAZOLIUM SALTS: BULK SAMPLE THERMAL PROPERTIES AND THIN FILM 
FABRICATION 
Perfluoropolyethers (PFPEs) are the traditional lubricants used to protect Hard Disk Drives (HDDs) during 
normal operation. PFPEs are becoming outdated due to the development of the Heat Assisted Magnetic 
Recording (HAMR) system. The PFPEs breakdown and degrade at the temperatures required to run the 
HAMR technology. Thus, a replacement material is needed. Room Temperature Ionic Liquids (RTILs), 
such as Imidazolium salts, show high thermal stability, a necessary requirement to be used as a lubricant 
in HAMR. The present study aims to evaluate in more detail the nature of the thermal stability. 
Isothermal and ramped heating provides insight to possible degradation pathways. In addition to 
thermal stability, thin film characterization plays a crucial role in the functionality of the lubricant. 
Decreased head space relates to increased storage density in HDDs. Therefore, a 1-2 nanometer film is 
required to ensure maximum utilization of the HAMR technology. Films being fabricated using the dip-
coating process are a function of solution concentration and pull-out speed. Concentration of solution is 
the focus of this study, which both affects both thickness of the film as well as film uniformity. These are 
crucial to both the understanding of the fundamental behaviors of the material, as well as 
troubleshooting for improvements in technique.   
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LEXICALLY SPECIFIC VERB INFORMATION: UNDERSTANDING SENTENCE COMPREHENSION IN THE 
APHASIC POPULATION 
Aphasia, a condition in which the comprehension and formulation of language is impaired, is most often 
caused by a stroke, leaving language centers of the brain damaged. It is now widely understood that 
people with aphasia (PWA) have great difficulty with verbs, which are central units of sentence 
structure. Ordinarily, unimpaired individuals are able to rapidly incorporate incoming words into a 
sentence structure despite the fact that there are multiple ways a sentence can continue following a 
verb. For example, a sentence may end with a verb, "The boy will eat," or may end with a direct object, 
"The boy will eat the cake." Because we are rarely certain of how a sentence will continue, this 
temporary ambiguity following a verb is quite common. Over the last three decades, there has been 
much research on the process involved in overriding this brief uncertainty. One theory suggests that 
verbs hold inherent, lexically specific information that allows us to correctly predict upcoming 
information in a sentence. If true, it would be important to know if PWA continue to call upon inherent 
verb information to facilitate sentence comprehension despite language impairment.  This study will 
focus on how PWA read and assess sentences that involve a specific component of verb information, 
transitivity. Transitivity is the frequency with which verbs are used transitively (with a direct object) or 
intransitively (without a direct object). Results will shed light on the processes of sentence 
comprehension that are left intact after language centers of the brain are damaged.   
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ILLUMINATING NOVEL MECHANISMS OF CYANOBACTERIAL BIOACTIVE SYNTHESIS THROUGH GENOME 
SEQUENCING 
The field organic synthesis has made many strides in developing complex biological molecules, however 
it comes up short in relation to the construction of hapalindoles and ambiguines. These bioactive 
alkaloids are of primary interest because they show anti-cancer and anti-fungal activities.  The time 
consuming methods to create indole-terpenoids with several stereocenters, high solvent waste, and 
ultimately low yield has made synthetically producing these molecules unappealing.  Alternate 
mechanisms involving molecular genetic techniques, including yeast recombineering, have been 
employed to tease out the pathways that nature utilizes to produce these compounds in order to lead to 
improvements in organic synthesis.  A putative gene cluster in the cyanobacteria Fischerella ambigua 
(UTEX 1903), believed to be responsible for hapalindole and ambiguine synthesis, was isolated, cloned, 
and expressed in the heterologous host Escherichia coli.  Results have indicated successful over-
expression of the genes and further over-expression of soluble proteins in E. coli. The pathway enzymes 
were identified and characterized for subsequent natural product biosynthesis.  On going in vitro assays 
continue to portray the exact chemical modifications each enzyme performs to the core hapalindole or 
ambiguine.  Through the genome mining and recombineering mechanisms used, along with substrate 
feeding techniques, it should be possible to obtain the exact metabolic pathways exploited and to create 
other complex bioactive compounds.   
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COMPARISON OF THE BALANCE ACCELEROMETRY MEASURE AND BALANCE ERROR SCORING SYSTEM IN 
ADOLESCENT SPORTS CONCUSSION 
Background:  High-technology methods demonstrate that balance problems may persist up to 30 days 
after a concussion whereas low-technology methods like the Balance Error Scoring System (BESS) 
becomes normal after just three days based on previously published studies in collegiate and high 
school athletes. 
Hypothesis/Purpose: The purpose of this study was to compare the NIH balance accelerometry measure 
(BAM) with the BESS regarding the ability to detect differences in postural sway between adolescents 
with sports concussion and age-matched controls.  
Study Design: Cohort Study 
Methods: Subjects were 43 patients with concussion tested 3– 990 days following head injury and 27 
control subjects.  Testing included the standard BAM protocol while sway was quantified using the 
normalized path length (mG/sec) of the accelerations in the anterior-posterior direction. The BESS was 
scored by experts using video recordings.  
Results: The BAM was not able to discriminate between healthy and concussed adolescents whereas the 
BESS, especially the tandem stance conditions, was good at discriminating between healthy and 
concussed adolescents.  A total BESS score of 21 or more errors optimally identified subjects in the acute 
concussion group versus healthy subjects at 60% sensitivity and 82% specificity.   
Conclusion: This study suggests that the BAM was not effective at identifying abnormal postural control 
in adolescents with sports concussion whereas the BESS was able to discriminate between adolescents 
with sports concussion and control subjects. 
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THE EFFECTS OF MATURATION MEDIA COMPOSITION ON DIFFERENTIATION OF HUMAN EMBRYONIC 
STEM CELLS INTO INSULIN-PRODUCING BETA CELLS 
Type I diabetes is an autoimmune disease that attacks and damages pancreatic beta cells. Current 
treatments include insulin therapy and organ transplants, however insulin therapy requires patient 
compliance and cadaveric organs for transplant are of limited availability. Cellular therapy is a more 
viable option for diabetes treatment. Lab derived cells are abundantly available and are a long term 
solution—that is one treatment can provide disease relief for extended periods of time. Unspecialized 
cells can be differentiated into insulin producing beta cells in vitro in the presence of a notch inhibitor, a 
GLP-1 agonist, or both. Our experiment compares the effects of DAPT (notch inhibitor) and exendin-4 
(GLP-1 agonist) on insulin gene and protein expression. Insulin gene expression was determined after 
human embryonic stem cells (hESC) were differentiated and matured into insulin producing beta cells. 
These levels were compared and analyzed in order to determine the best methods of maturation for lab 
derived cells. Our results show that DAPT is more effective at maturing insulin producing beta cells in 
vitro.   
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TARGETING HSP70 AS A NOVEL APPROACH TO MULTIPLE MYELOMA TREATMENT 
Multiple myeloma (MM) is a cancer of immature B-lymphocytes in bone marrow and represents ~13% 
of all hematological cancers. Approximately one-third of patients that are diagnosed with MM cannot 
tolerate some current therapies, e.g., inhibitors of the proteasome. This problem presents a challenge to 
develop new therapeutic compounds that will work in a synergistic manner with proteasome inhibitors. 
Heat shock protein (Hsp) 70 may serve as one such target and provide a novel therapeutic approach to 
MM. In myeloma cells, Hsp70 is upregulated and prevents aggregation and promotes the degradation of 
misassembled immunoglobulins. In this way, Hsp70 functions as a cyto-protective chaperone. By finding 
a small-molecule that modulates the activity of Hsp70, a synergistic relationship with current treatments 
may be utilized to reduce the required concentration of the proteasome inhibitors and increase the 
effectiveness of current therapies. To this end, a chemical library of diverse, drug-like compounds serves 
as the source of potential small molecule therapeutic agents. This 400-compound library was recently 
released to the academic community by a pharmaceutical company (Roche). By performing steady-state 
ATPase assays using a homologous yeast protein (Ssa1), we can determine whether any of these small 
molecules affect the activity of Hsp70. Work is in progress to assess the inhibitory capacity of 48 small 
molecules from the chemical library. Because these 48 compounds represent the major chemotypes in 
the library, our results will indicate if any of the 400 compounds have a therapeutic potential.   
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MAPPING THE KIDNEY AGING PROCESS IN A MOUSE MODEL OF PROGERIA 
Introduction 
Decreased kidney function is highly correlated with increased age. As individuals age, specific cells 
within the kidneys begin to change, directly affecting kidney function. Instances of proteinuria, 
decreased glomerular filtration rates, podocyte and glomeruli loss, and end-stage renal failure become 
more prominent with increased age. The aims of our research are to understand the timeline of events 
associated with kidney aging and to determine causes for functional decline associated with age in order 
to prevent and/or reverse these changes.  
Methods 
The mouse ERCC hypomorph (ERCC-/&#916;, with10% DNA repair efficiency) is a model of accelerated 
aging. Kidney function was examined in these progeroid mice and compared to normally-aged mice (~24 
months old) and wild-type littermates.  Urine protein levels (proteinuria), NF-&#954;B activation 
(cellular stress), immune cell infiltration (inflammation), and podocyte health (glomerular function) were 
evaluated and shown to be modified coincident with the aging phenotype.  
Results 
Our results indicate there are many functional and cellular irregularities that accumulate with normal 
aging and are closely mimicked in the progeroid mouse model, including increased proteinuria and 
cellular infiltrates, activation of NF-&#954;B and loss of glomerular markers. This research is significant 
in understanding the kidney aging process in order to design interventions that will ameliorate age-
related renal diseases.    
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THE EFFECT OF TEMPERATURE ON THE GROWTH KINETICS OF VSV GENOTYPIC VARIANTS 
Vesicular Stomatitis Virus (VSV) has for decades been seen as a tool rather than an encumbrance in 
School of Medicine, offering potential solutions to research problems in the fields of vaccinology and 
oncolytic therapy. Unique growth phenotypes of VSV often arise through manipulation of its genome, 
and these variants must be properly understood and controlled in order to pursue future biological 
applications. In this study, three different pairwise comparisons among six VSV genomes were made, 
specifically examining amino acid changes in the Glycoprotein and Matrix protein as well as shifting of 
the Nucleocapsid protein. Each genome was studied at three incubation temperatures, 32 °C, 37 °C, and 
42 °C. Plaque Assays were used in order to quantify VSV samples taken at specific time points upon the 
infection and incubation of Baby Hamster Kidney (BHK) cells. The time point samples were then used to 
formulate growth curves demonstrating the growth kinetics of each viral strain at the three temperature 
conditions. The various studies showed a magnification of phenotypic differences at the high 
temperature of 42 °C. These differences included delayed growth due to variation of the Glycoprotein, 
reduced growth due to repositioning of the Nucleocapsid protein, and near lack of growth due to 
mutation of the Matrix protein. These observations were important because they assisted in 
ascertaining the roles of specific VSV genomic domains in the context of viral growth and degradation.   
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REPEATABILITY OF KNEE KINEMATICS: AN IN VITRO STUDY FOR FINITE ELEMENT MODEL VALIDATION 
INTRODUCTION 
The increase of bone to bone contact between the femur and patella over a long period of time could 
lead to patellofemoral pain syndrome (PFPS) and possibly to patellofemoral osteoarthritis1. 
The aim of this study was to determine the repeatability of the kinematics for a new knee jig that will be 
used to collect experimental data for input and validation of finite element models to study PFPS. 
MATERIALS AND METHODS 
One fresh, frozen cadaveric knee was dissected, leaving the knee capsule, collateral and cruciate 
ligaments, and quadriceps tendons intact.  Registration blocks, used to establish 3D local coordinate 
systems for each bone, were attached to the medial side of the tibia and femur, as well as the middle of 
the patella. Within the knee jig, quadriceps angles and loads were applied in previously determined 
anatomical states, as well as a compressive force2,3. Using a spatial digitizer, anatomical coordinate 
systems were established as previously described4,5. The faces of the registration blocks were digitized 
in order to establish the position and orientation of the femur, tibia and patella.   
RESULTS 
The kinematic repeatability values for rotations and translations are as follows: 2.0° and 1.5 mm for 
tibiofemoral and 2.7° and 2.3 mm. 
DISCUSSION 
The repeatability values were comparable to values determined in a similar study6. This study found a 
translational repeatability of 1.4 mm and a rotational repeatability of 3.6°. Therefore, based on previous 
literature, the values determined through this test are acceptable repeatability values for the kinematics 
of the procedure. 
REFERENCES 
[1] Utting et al, The Knee, 2005 
[2] Hofer et al, J Arthroplasty, 2011 
[3] Farahmand et al, J Orthopaed Res, 1998 
[4] Lenz et al, J Biomech Eng, 2008 
[5] Grood and Suntay, J Biomech Eng, 1983 
[6] Li et al., J Orthopaed Res, 2004 
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DESIGNING AN APPARATUS TO DEMONSTRATE THE EFFECTS OF SURFACE MODIFICATION ON HEAT FLUX 
The phase change of a liquid coolant to a vapor absorbs a large amount of heat energy without 
increasing the temperature of the coolant above its boiling point. This enables a constant temperature 
to be achieved by the coolant and therefore limits the temperature that is experienced by surfaces in 
contact with the coolant. 
If inefficient boiling occurs, there will be a spike in the temperature of the surface and the surface itself 
will begin to melt, which in reality may be coolant carrying pipes, or electronic computer chips. 
Therefore, the improvement in boiling heat transfer is both important for the maintenance and 
efficiency of electronics and power generation devices. 
The goal for my internship with Dr. Mark Kimber was to finalize a testing apparatus that will be used for 
the Mascaro Center for Sustainable Innovation’s outreach program during May 2013. The program will 
introduce high school students to the concepts of heat flux and liquid cooling by allowing them to 
modify and test their own surface in an apparatus designed in Dr. Kimber’s lab.  My objective was to 
create a way to use the steam output of the apparatus, to produce work that is both fun and 
quantitative in order that the students can record the efficiency of their modified surfaces. 
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VASCULAR AND CELLULAR CHARACTERIZATION OF BRAIN TISSUE AROUND IMPLANTED ELECTRODES 
Introduction: Inflammation following electrode insertion is a mysterious detriment to signal loss and 
recording capability of neural implants. A minimized tissue response will lead to improved longevity of 
neural interface devices, thereby helping millions of patients with neurological ailments. Therefore, the 
goal of this project is to understand the immune response of reactive brain tissue through studies of the 
vasculature and cellular expression along the site of electrode implantation. 
Materials and Methods: A craniotomy was performed on each hemisphere of four male Sprague Dawley 
rats.  The dura was exposed, and a Michigan tetrode was manually implanted into each M1 cortex. The 
rats were sacrificed 1 day, 2 weeks, 3.5 weeks, and 6 weeks post-implant. Immunohistochemical staining 
was completed for VEGF, Tau protein, Laminin, and Hoechst for nuclei. For iron released via hemoglobin 
oxidation, tissue sections were incubated in 7% potassium ferricyanide and 3% HCl. Pixel intensity was 
computed using MATLAB.  
Results and Discussion: Proangiogenic VEGF is strongly expressed 0-2mm from electrode implantation at 
43% mean intensity of the one day post-implant tissue. Iron was successfully stained using potassium 
ferricyanide, known to label Fe2+, and was localized to blood vessels. Staining using deferoxamine will 
be conducted within the chronic time-points to strip additional iron from the abnormal tau protein. 
Conclusion: The difference in VEGF intensity confirms vessel permeability is altered during acute 
inflammation and is dominant near cortical lesions. The presence of iron suggests that hemoglobin is 
permeating through the BBB to oxidize post-implantation; however, tau phosphorylation is another iron 
source.  
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A qPCR heteronuclear RNA assay sensitively detects rapid stimulation of Pomc transcription 
Despite being expressed in 0.00004% of brain cells, the Pomc (pro-opiomelanocortin) gene plays a 
critical role in the regulation of appetite and body weight; as evidenced by the severe overeating and 
obesity resulting from its deletion. The Pomc system appears to be a master regulator of metabolism, 
and such requires Pomc transcription to be sensitive to metabolic feedback signals. The purpose of this 
project was to develop and validate a quantitative PCR (qPCR) assay to measure Pomc heteronuclear 
RNA (hnRNA). hnRNA is newly synthesized RNA and the pre-cursor to mRNA. Thus, hnRNA levels are a 
temporally sensitive measure of active gene transcription. We used a model system: cultured anterior 
pituitary tumor (AtT20) cells. Cells were treated with known stimulants of Pomc transcription. Total RNA 
was collected at various timepoints after treatment and reverse transcribed to cDNA. Multiplex qPCR 
was then used to quantify Pomc hnRNA and mRNA. The stimulant’s effects on Pomc hnRNA were of 
much greater magnitude and were evident at much earlier timepoints than the effects on Pomc mRNA. 
We conclude the hnRNA assay is a valid and sensitive method of measuring acute effects on Pomc gene 
transcription and hnRNA levels are more sensitive to stimuli than mRNA levels (a more common 
measure). This assay may be useful in further characterizing Pomc transcriptional responses to various 
metabolic and environmental stimuli.   
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OSTEOARTHRITIS OFF-LOADER BRACE'S INFLUENCE ON TIBIOFEMORAL JOINT CONTACT 
Osteoarthritis Off-Loader Brace’s Influence on Tibiofemoral Joint Contact  
An off-loading brace can be used to alleviate the joint pain associated with medial compartment 
osteoarthritis (OA) by applying an abduction moment about the knee to increase medial knee joint 
space. The purpose of this study was to determine the effectiveness of an off-loading, Defiance OA 
brace (DJO Inc.) on knee kinematics and specifically joint contact. Ten subjects with isolated medial 
compartment OA were utilized in this study. Dynamic stereo x-ray (DSX) images were collected during 
treadmill walking. Computed tomography (CT) scans were utilized to generate bone models of the 
femurs and tibias, which were matched to the DSX images to derive joint kinematics as previously 
described1. Contact paths were defined as the points of minimum distance between the femur and 
tibia. Statistical analysis of the contact paths using analysis of variance revealed that in the lateral 
compartment of the tibia, there was an average medial shift of 2.4 mm (p=0.192) and posterior 
(p=0.233) shift of 0.5 mm in the contact path for the braced trials compared to the unbraced trials, with 
no apparent trend in the medial compartment. Additionally, there was no significant difference in knee 
kinematics between the braced and unbraced trials. These results illustrate that the OA brace does not 
significantly influence tibiofemoral joint contact or knee kinematics. Consequently, further research can 
be done to study the brace’s exact effect on relieving osteoarthritis and associated joint pain.     
References:                                                                                                                                                 
 1. Tashman S, Kolowich P, Collon D, Anderson K, Anderst W. Dynamic function of the ACL-reconstructed 
knee during running. Clin Orthop Relat Res. 2007 Jan;454:66-73.   
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MODELING THE DEVELOPMENT OF INHIBITORY CIRCUITRY IN THE PREFRONTAL CORTEX (PFC) AND ITS 
EFFECTS ON THE FREQUENCY AND POWER OF PYRAMIDAL-INTERNEURON NETWORK GAMMA (PING) 
OSCILLATIONS 
Brain activity is characterized by neural oscillations--fast cycles of depolarization then hyperpolarization 
that arise as neurons fire action potentials due to external stimuli and firing in different parts of the 
brain. Synchrony in the oscillatory behavior of neuronal populations arises from the reciprocal 
projections between excitatory pyramidal neurons and inhibitory interneurons. Gamma waves (30-80 
Hz) in particular are a pattern of oscillations believed to be a critical substrate for working memory and 
other cognitive functions. Electrophysiological recordings from single pyramidal neurons from the 
prefrontal cortex (PFC) of monkeys have shown that the kinetics of inhibitory postsynaptic responses 
become faster and stronger during postnatal development. We hypothesize that with these changes in 
inhibition come an increase in the gamma power of the cortical network. While experimental 
measurements of certain parameters related to gamma have been successfully investigated, they have 
also been constrained by the ability to only singly evaluate parameters. In this study, computational 
modeling is used to simultaneously manipulate and observe the influence of three parameters of 
interest--(1) inhibition-to-excitation strength, (2) decay time, and (3) reversal potential of the inhibitory-
to-excitatory synapses--on the frequency and power of the rhythm generated by a model pyramidal-
interneuron network. Our simulations show how developmental changes in the properties of inhibition 
affect gamma power and suggest that, with age, there is an increase in gamma, which is indicative of 
higher cognitive ability.   
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FOREIGN BODY REACTION IN MURINE MODEL CHARACTERIZED BY FLOW CYTOMETRY 
The research presented focuses on the foreign body reaction, an immune response characterized by the 
attempted phagocytosis and eventual fibrous encapsulation of a biomaterial in vivo.  In the last century, 
implanted biomedical devices have become more intricate, more effective, and more safe; however, the 
foreign body reaction remains a primary cause of implanted biomedical device complication and even 
failure.  In this experiment, macrophages and &#947; &#948; T cells were detected using flow cytometry 
after the implantation of titanium and copper coated titanium discs in the murine model.  Macrophages 
play a key role in the foreign body reaction, undergoing “frustrated phagocytosis” at the tissue-material 
interface and often fusing into multinucleated foreign body giant cells.  &#947; &#948; T cells, 
possessing &#947; and &#948; T chains as opposed to the more prevalent &#945; and &#946; chains, 
have a unique role in the immune system; they are considered to be the “bridge” between the innate 
and the adaptive immune response.  An interesting link between these two cell types can be seen where 
dendritic epidermal T cells (DETCs), a population of &#947; &#948; T cells residing in the skin participate 
in directing macrophages at the site of wound healing.   
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THE NEUROPROTECTIVE PROPERTIES OF BRILLIANT BLUE-G  IN A RATTUS NORVEGICUS MODEL OF 
ISCHEMIC STROKE 
A clot that forms in an artery preventing blood flow to the brain is classified as an ischemic stroke, which 
effectively deprives cells in its perfusion field of oxygen creating an ischemic area. There is also a 
secondary expansion of neuronal damage. ATP is released in excess into the effective cerebral area 
following a stroke, followed by the activation of the  
purinoceptor P2X7 that has been linked to the secondary injury. The P2X7 receptor is an ATP activated, 
ligand-gated ion channel that permits Ca2+ to enter the cell membrane. Excessive extracellular Ca2+ is 
cytotoxic to astrocytes, and cause apoptotic tendencies. The goal of this study was to determine the 
neuroprotective effects of Brilliant Blue G (BBG) administered before and after a two-vessel occlusion 
stroke model in rats. Brilliant Blue G is a purinergic receptor antagonist that competes with ATP for 
binding to the P2X7 receptor. Mortality ratings determined that females treated with Brilliant Blue G 
after the two-vessel occlusion stroke model were more susceptible to death then females treated 
before. Additionally, significantly less astrocytic activity was observed in the BBG-before treated groups 
in the secondary somatosensory cortex compared to that amongst both the control and BBG-after 
treated groups. Overall, this study shows that Brilliant Blue G is an effective neuroprotectant against an 
animal model of ischemic stroke.   
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A NEAR-INFRARED SPECTROSCOPY INVESTIGATION OF IRRITABILITY IN YOUNG CHILDREN 
Irritability is considered to be a typically-developing personality dimension, existing at varying levels in 
every member of the population, but is also a risk factor for future psychiatric disorders in young 
children. The present study used fNIRS to obtain measures of neural abnormalities in young children 
presenting with varying levels of irritability. Subjects participated in the novel Frustrative Emotion Task 
for Children (FETCH) while a legal guardian completed questionnaires regarding irritable temperament. 
Early analyses have shown that there is increased prefrontal cortex activation during frustration. The 
findings also indicate that there is a relationship between increased use of bilateral dorsolateral 
prefrontal cortex and parental reporting of child irritability. These preliminary findings suggest increased 
regulation of subcortical structure by the lateral and medial prefrontal cortex during periods of 
frustration and that it might be further increased in children that require additional emotion regulation. 
These findings may provide a foundation for future longitudinal studies which will be aimed at early 
identification and diagnosis of pervasive irritability as a subsequent risk factor for child psychopathology.   
 
Funding:  K01 MH094467 (PI: Susan Perlman)Amy M. Howell 
Department of Bioengineering 
Swanson School of Engineering 
University of Pittsburgh 
 
Faculty Mentor:  Dr. Steven Little 
PATCHY PARTICLES: INDUCING SURFACE ANISOTROPY FOR A BIOMIMETIC IMMUNE SYNAPSE 
Autoimmune diseases and transplant rejection afflict more than 20 million people in the United States. 
The classic approach to alleviating these debilitating conditions is systemic immunosuppression. 
Unfortunately, systemic immunosuppression reduces the host’s defenses, leaving the body susceptible 
to infection and other diseases. New therapeutic approaches have focused on harnessing the body’s 
natural mechanisms for local immune regulation: regulatory T cells (Tregs). However, Treg populations 
are sparse in the body, and protocols using genetically modified antigen presenting cells (APCs) to 
expand and activate Tregs, are complicated and difficult to replicate clinically. Alternatively, artificial 
APCs (aAPCs), synthetically fabricated from an array of biomaterials, offer a simpler-to-use T cell 
expansion assay. Unfortunately, aAPCs are less effective than natural APCs, requiring a much greater 
aAPCs-to-T cell ratio than natural antigen presenting cells. Thus far, aAPCs have only been created with 
randomly labeled surface patterning of cell activating proteins, yet natural APCs present these surface 
proteins in structured “bullseye” patterns.   We hypothesize that creating a single patch pattern or the 
more complex “bull’s eye” pattern on the surface of aAPCs will improve their interactions with T cells. 
This poster presents one method to make anisotropic “patchy” microparticles, to be used as aAPCs. The 
method addressed uses colloidal monolayers to place removable patchy masks on the surface of 
particles that can then be selectively labeled with two different proteins using sequential protein 
labeling.   
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EXPLORING DEFINITIVE ELECTRON TRAJECTORIES WITH QUANTUM MECHANICAL CONSISTENCY 
The standard theory of quantum mechanics based on Born’s statistical interpretation of the Schrodinger 
equation is undeniably an incredibly successful theory. It has consistently been able to predict and 
describe natural phenomena including radioactive decay, nuclear fusion in stars, and molecular bonds. 
However, while quantum mechanics has offered a mathematical description of these natural 
phenomena, it fails to offer a satisfactory physical explanation.  
 
The current accepted theory is based on postulates that involve an observer making a measurement 
that results in a collapse of the wave function. This ‘wave function’ is only a mathematical entity with no 
corresponding physical equivalent. The wave collapse is also a discontinuous event that does not fit in 
the picture of the continuous evolution of the Schrodinger equation. Finally, there exists the ambiguity 
of ‘measurement’, and the basis of an ‘observer’ implies the need for a sentient being to observe the 
measurement.  
 
These ambiguities have fomented opposition from physicists like Einstein, who along with Podolsky and 
Rosen, developed the EPR Paradox, and de Broglie and Bohm who explored hidden variable theories. 
The aim of this research is to explore and extend upon those alternative physical theories that are 
consistent with the predictions made by the standard theory of quantum mechanics with a focus on 
Bohm’s quantum theory of motion.  
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CHARACTERIZATION OF WEAR ON PFPE COATED MONO-LAYER GRAPHENE ON A SILICON SUBSTRATE 
The overall goal of this study was to determine how a thin polymer coating would affect the wear 
patterns of monolayer graphene.  Graphene is atomic-thick layer made of sp2-bonded carbon atoms. It 
has become a focus of scientific research due to its potential use in nano- and microelectronics as well 
as its possible uses as a lubricant due to its low coefficient of friction.  The wear of graphene is a serious 
concern in many potential applications due to its thinness.   A possible solution to this is to coat the 
graphene with a nanometer-thick polymer.  One such group of polymers known as perfluoropolyethers 
(PFPEs) was used to coat monolayer graphene on a silicon substrate.  Two PFPE’s were chosen for this 
experiment ZDOL and Z-03. The two polymers share the same structure with the exception that ZDOL 
has polar hydroxymethyl endgroups whereas Z-03 has a non-polar trifluoromethyl endgroups.  After 
friction testing and optical, AFM, and Raman characterization, several conclusions were reached.  The 
PFPE coating drastically changed the wear pattern of the wear paths making comparisons between low 
levels of wear on the samples difficult.  The ZDOL coated sample exhibited significantly more wear than 
either the Z-03 or uncoated samples, having wide paths of complete wear.  The Z-03 sample had narrow 
wear paths of complete wear while the uncoated sample had wide paths of partial wear.  Due to the 
discrepancies between the wear patterns, it is difficult to conclusively determine whether or not the Z-
03 coating successfully reduced the wear of graphene.   
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THE SHU COMPLEX PROMOTES ERROR-FREE DNA REPAIR 
DNA breaks occur frequently in the human genome and can be repaired through different mechanisms. 
Specifically, double-stranded DNA breaks (DSBs) occur daily and are repaired through either the 
homologous recombination pathway (HR), or the non-homologous end joining pathway (NHEJ). 
Misrepair of DSBs can lead to mutations and chromosomal rearrangements due to insertions or 
deletions of DNA content, which can cause predisposition to cancer.  One important complex in DNA 
repair is the Shu complex, consisting of four proteins (Shu1, Shu2, Psy3, and Csm2), which promote 
error-free repair in budding yeast. The Shu complex is conserved in humans and its orthologs are XRCC2, 
SWS1, and RAD51D.  The ortholog of Csm2 is still unknown.  Here we use budding yeast, Saccharomyces 
cerevisiae, as a model system to study the Shu complex and we anticipate what we observe for the 
yeast Shu complex is likely directly applicable to its mammalian counterparts. Previously it was found 
that the Shu complex promotes homologous recombination, however the mechanism remains largely 
unknown. Our hypothesis is that disrupting the Shu genes alters the balance between error-free and 
error-prone repair—with a higher incidence of error-prone repair. To test this hypothesis, we used a 
genetic assay that can distinguish DNA repair that occurs via a gene conversion event (error-free) or 
single-strand annealing (error-prone).  We find that in the absence of two of the Shu genes, SHU1 and 
CSM2, these mutants utilize the single-strand annealing pathway more frequently.  These results 
suggest the Shu complex is an important regulator of error-free DNA repair.   
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RXR LIGAND TREATMENT IN APOE3 AND E4 TRANSGENIC ALZHEIMER'S DISEASE MOUSE MODEL 
Alzheimer's disease, the most common progressive neurodegenerative dementia, is characterized by 
impaired amyloid beta (A&#946;) clearance from the brain and cognitive decline. Apolipoprotein E 
(APOE) is important in the transportation of cholesterol within the brain and thought to aid in A&#946; 
clearance from the brain. Inheritance of the APOE4 allele increases a carrier’s risk of developing late 
onset Alzheimer’s disease, however the mechanism is unknown. APOE expression is transcriptionally 
controlled through the action of the nuclear receptors peroxisome proliferator-activated receptor 
gamma (PPAR&#947;) and liver X receptors (LXR) in coordination with retinoid X receptors (RXRs). 
Recently, RXR and LXR activation has been shown to stimulate A&#946; clearance, resulting in 
diminished A&#946; pathology and improved cognition in an Alzheimer’s disease mouse model. We 
hypothesize that RXR activation can be utilized to treat the aggressive Alzheimer’s disease pathology 
observed in APOE4 carriers through enhancement of A&#946; degradation and ApoE dependent 
clearance mechanisms in the brain. We characterized an Alzheimer’s disease animal model on human 
APOE3 or APOE4 background to understand the role of ApoE in the disease pathogenesis and the potent 
differences in treatment responses. We demonstrate that RXR activation diminished the pathology and 
improved cognition in both APOE3 and APOE4 animal models.   
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DETECTION OF BONE ALKALINE PHOSPHATASE ACTIVITY 
The primary goal of this study was to develop a protocol for the extraction of alkaline phosphatase (ALP) 
and detection of its activity levels.  The secondary goals of this study were to determine the baseline 
activity levels of ALP and to identify any general trends that may exist in its activity levels across a 
variety of animals ranging in size.  These goals were accomplished by observing differences in enzyme 
activity with variations in bone preparation techniques. 
ALP was extracted from rat, rabbit, pig, and sheep femur. Cortical bones were separated into two 
experimental groups depending on their size. Spongy bones were separated into two experimental 
groups depending on whether they were washed or not. The enzyme was extracted from bone samples 
by first crushing the bone into fine pieces and then incubating them in 0.01% Triton X-100 extraction 
buffer.  The resulting supernatant was mixed with p-nitrophenyl phosphate and the reaction was 
monitored with a spectrophotometer to determine ALP activity levels.  In order to normalize the activity 
levels per unit mass of enzyme, the ALP concentration suspended in the supernatant was determined 
via Bicinchoninic Acid (BCA) protein concentration assay. 
It can be concluded that in general, enzyme activity increases as animal size decreases.  ALP extracted 
from rat and rabbit were consistently more reactive than ALP extracted from sheep and pig. Further 
experimentation with a more purified extract would be needed to establish baseline activity levels and 
to determine the different structural isoforms of ALP that exist across and within animal models.  
   
Funding:  Swanson School of EngineeringRyan G. Koch 
Department of Bioengineering 
Swanson School of Engineering 
University of Pittsburgh 
 
Faculty Mentor:  David A. Vorp 
CUSTOM IMAGE ANALYSIS TOOL FOR QUANTIFYING AORTIC WALL ARCHITECTURE FROM 
MULTIPHOTON MICROSCOPY 
Characterization of the connective fiber architecture of the aortic wall would enhance our 
understanding of aortic wall remodeling in aging and disease. The two primary components of 
connective fiber architecture of the aorta are elastin and collagen, which can easily be visualized using 
multiphoton microscopy. Image analysis algorithms have been shown to be effective at characterizing 
fibrous constructs for other microscopy imaging modalities. For example, fast Fourier transform 
approaches can provide orientation information, but due to the complicated microstructure of the 
aortic wall more characterization is needed. The objective of this study was to develop a custom image 
analysis tool using MATLAB to characterize the aortic wall connective fiber architecture through the use 
of multiphoton images from our lab database. Briefly, the tool smooths, cleans and equalizes fiber 
intensities in the image before removing the background material and converting it to a logical image. 
The logical image is then cleaned and thinned to produce the fiber skeleton representation of the image. 
The tool then uses various approaches to analyze the fiber skeleton to obtain intersections, fiber 
orientation, concentration, porosity, segment length and tortuosity for the provided image. The 
developed custom image analysis tool can be used to analyze various parameters of the connective fiber 
architecture of aortic wall samples for numerous conditions and diseases, such as different aortic 
phenotypes, aging effects, etc., with the potential to describe any fibrous or tube-like structures with 
components of varying tortuosity.   
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ABBREVIATED ENVIRONMENTAL ENRICHMENT IN BRAIN INJURED FEMALE RATS AS A PRE-CLINICAL 
MODEL OF REHABILITATION 
Traumatic brain injury (TBI) affects 700,000 females in the United States each year, making it a 
significant health care issue with limited treatment options. One therapeutic strategy that has been 
investigated is environmental enrichment (EE). EE confers cognitive and motor recovery in female rats 
when provided continuously after TBI vs. standard (STD) housing. However, as a model of rehabilitation, 
continuous EE is not clinically relevant because TBI patients typically only receive 4-6 hours of 
rehabilitation per day. Whether abbreviated EE confers benefits similar to that of continuous EE in 
female rats is unknown. To investigate the  potential efficacy of abbreviated EE after TBI, fully 
anesthetized female rats received a controlled cortical impact or sham injury and were randomly 
assigned to TBI + EE [4 hours], TBI + EE [6 hours], TBI + EE [continuous], or TBI + STD groups, and 
respective sham controls. Motor function (beam-balance/beam-walk and rotarod) was assessed on 
post-operative days 1-5 and every other day from 1-19, respectively. Spatial learning/memory (Morris 
water maze) was evaluated on days 14-19. The data showed that EE, regardless of dose, improved 
motor function compared to STD housing (p < 0.0001). However, only continuous and 6 hour EE 
enhanced cognitive function (p < 0.0001). These data demonstrate that abbreviated EE in female rats 
produces motor and cognitive benefits similar to continuous EE after TBI and thus abbreviated EE may 
be a pre-clinical model of rehabilitation. Future studies will evaluate the potential benefits of 
abbreviated EE by combining it with various pharmacotherapies.   
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CPR QUALITY AND OUTCOMES IN RESUSCITATION OF SUSPECTED DRUG-RELATED CARDIAC ARRESTS 
Introduction: Little is known about the resuscitation process parameters of cardiac arrests resulting 
from drug overdose (OD), and such arrests are often excluded from out-of-hospital cardiac arrest 
(OHCA) studies. We sought to investigate the characteristics of emergency medical services (EMS)-
treated OD-related OHCA cases. We hypothesized that OD OHCAs would exhibit different emergency 
care and patient demographics than non-ODs. 
Methods: Data from EMS-treated non-traumatic OHCAs from 2006-2011 were obtained from the 
Pittsburgh site of the Resuscitation Outcomes Consortium. Case definition for OD was naloxone 
administration or OD indicated by EMS. Resuscitation parameters including chest compression fraction, 
rate, and depth and the administration of resuscitation drugs were compared between OD and non-OD 
groups. Demographic and outcome variables including age, sex, and survival to hospital discharge were 
also compared by OD status. Differences were tested using logistic regression or t-tests with alpha = 
0.05. 
Results: We identified 180 OD cases and compared them to 2,162 non-OD OHCAs. Both groups were 
predominantly male (OD: 66%, non-OD: 59%; p = 0.0498). OD OHCAs were significantly younger than 
non-OD OHCAs (45 vs. 65 years, p < 0.001). OD cases were associated with higher overall CPR fraction 
(66% vs. 63%, p = 0.0158) and survival (19% vs. 11%; p = 0.015) than non-OD cases. OD cases were also 
associated with higher probability of epinephrine (OR: 2.05, p < 0.001) and sodium bicarbonate 
administration (OR: 2.70, p < 0.001).  
Conclusion: Patients with OD-related OHCA were more likely to receive drugs, receive higher CPR 
fraction, and survive than non-ODs.   
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ANALYSIS OF THE W4 IMPLANT IN VIVO 
Current metallic biomaterials are strong enough for load-bearing applications but are not degradable in 
vivo, while polymers can degrade within the body but lack the mechanical properties suitable for hard 
tissue application. This gap in biomaterials has increased research on magnesium, a metal which has 
both the capability to corrode in vivo and mechanical properties that resemble natural bone. Because of 
pure magnesium’s extremely fast corrosion rate, biocompatible magnesium alloys are being heavily 
sought after. The purpose of this project is to observe the effects of the W4 alloy in vivo and evaluate its 
potential as a biomaterial. 
Samples of rabbit femur and organs were harvested and embedded in either paraffin or plastic 
technovit to preserve the tissue and its structure. After being sectioned and fixed to slides, classical 
histological staining techniques were used to observe the samples. From the femur sample, the bone 
area and osteoblast activity were analyzed quantitatively. The organ samples were observed under a 
microscope to provide a qualitative analysis of the W4 scaffold effects in vivo. Blood samples were 
drawn and sent for analysis before implantation and at the time of sacrifice. Eudiometric testing was 
performed to monitor the volume of hydrogen gas produced over a 24 hour time period. 
Results showed high bone area and osteoblast activity adjacent to the W4 scaffold, as well as a slowed 
corrosion rate and a lack of harmful effects on blood parameters and organ tissues. Although promising, 
more analysis is needed to prove or disprove the enhancing effects of yttrium and the biocompatibility 
of W4.   
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DYNAMIC CELL CYCLE ANALYSIS OF EMBROYONIC STEM CELLS 
QUIAM KOUBAA 
Much research in recent years has focused on embryonic stem cells due to their unique qualities and 
potential to ultimately cure countless diseases. Embryonic stem cells have the capability of unlimited 
proliferation while retaining their potential to differentiate into mostly any cell type. My project in Dr. 
Banerjee’s lab titled ‘Cell Cycle Dynamics during Human Embryonic Stem Cell Differentiation’ has the 
primary focus of differentiation of human embryonic stem cells into insulin producing pancreatic cells 
for diabetes therapy though mathematical and experimental analysis of the differentiation process.  
Cell-cycle control mechanisms are utilized to review the essential differences between pluripotent cells 
and definitive endoderm (DE) differentiated cells. Through as the utilization of Modfit LT, Cflow, and 
Matlab software, cell cycle characteristics were quantified. Undifferentiated human embryonic stem 
cells (hESCs) demonstrate a rather even percentage distribution between G1, S, and G2/M phase. 
Different growth factors were added to the embryonic stem cell cultures, which allowed for the 
understanding of the dynamics of differentiation in terms of proportions of the cell cycle phases.  
Mathematical analysis and experimentation was also conducted with induced pluripotent somatic cells 
(iPS) and correlations between the dynamics of the two types of cells were made. Such analysis will 
provide greater insight into the process of differentiation and contribute towards enhancing 
differentiation towards insulin producing cells and in the long run help diabetes type one patients.  
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E47 AND P15PAF COLLABORATE TO REGULATE HEMATOPOIETIC STEM CELL SELF-RENEWAL 
The precursors to all blood cell types are hematopoietic stem cells or HSCs that have a unique self-
renewal capability that diminishes with age. While it is unclear how aging in HSCs occurs, expression of 
the E47 transcription factor, known to regulate HSC proliferation, decreases with age. We hypothesize 
that the reduced expression of E47 that occurs with aging directly affects transcription of the p15 
oncogene, a newly recognized regulator of HSC longevity. The p15 gene associates with Proliferating 
cell-nuclear antigens (PCNAs) and so is called p15PAF (PCNA- Associated Factor). These factors are noted 
to be critical in maintaining HSC quiescence and mice lacking PAF sequences exhibit reduced HSC 
numbers. This study aims to determine if the E47 transcription factor binds to, and directly activates, the 
transcription of the p15 oncogene. The experimental approach utilizes transfected HEK293 cells 
containing a vector with a p15PAF promoter upstream of a luciferase gene and a vector with E47 cDNA. 
Using the luciferase reporter assay, transcription of the luciferase gene will be quantified. The 
transfected cells will also be stained for the E47 protein to ensure that E47 transcription has occurred 
and analyzed through flow cytometry. Preliminary data suggests that E47 transcription directly activates 
the transcription of the p15PAF promoter as indicated by an average of a 50 fold increase in luciferase 
gene expression. Together, these findings place E47 and p15PAF in a major pathway that regulates HSC 
self-renewal and proliferation.   
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A COGNITIVE REHABILITATION PARADIGM FOR TRAUMATIC BRAIN INJURY: A PRELIMINARY 
ASSESSMENT 
Implicit memory is largely intact after traumatic brain injury (TBI), while explicit memory is not. The 
focus of the study was to design a clinically relevant cognitive rehabilitation (CR) paradigm for controlled 
cortical impact (CCI) model TBI, which harnesses implicit memory to improve performance during the 
Morris Water Maze (MWM) task. The task was separated into an implicit component, which required 
non-spatial learning of the behavioral task components, and an explicit component, which required 
spatial learning. Rats receiving CR were trained on the non-spatial element of the task post-injury, but 
prior to acquisition trials. Data for latencies, time allocation (TA), and swim strategy were collected. 
Latency data indicates improved performance with CR in both the cued and non-cued conditions. 
Among all CR rats CCI/Cued rats performed poorly relative to CCI/Non-Cued rats. Thigmotaxis is a stress 
response in which the animal swims along the wall of the pool. Thigmotaxis can be quantified as the 
time allocated by the animal to the periphery of the pool. CCI/No-CR rats did not develop the 
appropriate behavior strategies until later in acquisition testing, as demonstrated by increased 
peripheral zone TA. In the non-cued condition, CCI/CR and sham/CR rats displayed less thigmotaxis than 
their No-CR counterparts. However, in the cued condition, both CCI/CR and CCI/No-CR displayed similar 
levels of thigmotaxis. CCI/CR/Non-Cued rats maintain the capacity to utilize the appropriate behavioral 
strategies, confirming that implicit memory is intact. CCI/CR/Cued rats fail to incorporate spatial cues, 
confirming clinical observations that explicit feedback is detrimental to learning.   
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RIGHT VENTRICULAR DYSFUNCTION IN HIV 
BACKGROUND: HIV-infected individuals are at increased risk for pulmonary hypertension and 
cardiomyopathy, portending poor prognosis in the setting of right ventricular (RV) dysfunction. The 
purpose of the study was to determine the prevalence of RV dysfunction in a healthy outpatient HIV 
cohort. 
METHODS: We performed echocardiography in 104 adult HIV–infected individuals recruited from a 
research registry. Measurements included: estimated pulmonary arterial systolic pressure (PAP), RV 
fractional area of change (RVFAC), tricuspid annular planar systolic excursion (TAPSE), myocardial 
performance index (MPI) and mid RV free wall longitudinal myocardial strain (RV LMS) via speckle 
tracking.  
RESULTS: Sixteen subjects (15%) had PAP > 35 mm Hg, yet RV function did not differ significantly. 
Seventeen subjects (16%) had RV LMS &#8805; -21.6% (i.e., between 0 and -21.6%, previously shown to 
be associated with decreased regional function) and lower TAPSE (2.3±0.5 vs 2.6±0.5 cm, P=0.02; RV 
LMS -18.2±1.6% vs -28.7±4.1%, P<0.001), but no differences in other measures. There were 23 subjects 
with LVEF<55% and these had lower TAPSE (2.4±0.5 vs 2.6±0.5 cm, P=0.03). There was no relationship of 
CD4 count or viral load to any echocardiographic measures. 
CONCLUSIONS: Regional RV dysfunction defined by RVLMS &#8805; -21.6% is 16%. LVEF<55% co-
segregated with a mild decrease in TAPSE (known to decrease LV dysfunction), but not RVLMS. The 
prevalence of elevated PAP was 15% but was not associated with global or regional RV dysfunction. 
Regional RV dysfunction in asymptomatic HIV may be a separate entity from LV/global cardiomyopathy 
or pulmonary hypertension and deserves further study.  
   
Funding:  National Institutes of HealthSamantha B. Larsen 
Department of Biological Sciences 
Dietrich School of Arts and Sciences 
University of Pittsburgh 
 
Faculty Mentor:  Dr. Michael Palladino 
HUMAN TPI DEFICIENCY: A CHARACTERIZATION OF BEHAVIORAL ABNORMALITIES AND REDUCED 
PROTEIN LEVELS FOR FIVE CRITICAL MISSENSE MUTATIONS 
Human TPI deficiency is an autosomal recessive glycolytic enzymopathy resulting in locomotor 
impairment, progressive neurodegeneration, chronic hemolytic anemia, and cardiomyopathy. This 
metabolic disorder most often occurs in a transheterozygous state where a mutated allele exists with a 
null allele. There are several missense mutations within the TPI gene that result in human TPI deficiency; 
five have been selected for this study: C41Y, E104D, I170V, V231M, and F240L. TPI deficiency has been 
modeled in Drosophila melanogaster with a missense mutation resulting in an M80T substitution in the 
protein called TPIsugarkill.  Pathogenesis of TPI deficiency is not clearly defined, and the aim of this 
study is to model human mutations in a tractable genetic system to study pathogenesis.  Here we have 
identified several behavioral deficits including mechanical and temperature stress sensitivity, and 
various motor defects attributed to these mutations. Additionally, we have determined that many of the 
human mutations lead to reduced TPI levels in vivo. We believe these data suggest unique structural 
modifications that affect protein stability, and that maintenance of appropriate TPI levels is a critical 
component of TPI deficiency pathogenesis.   
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THE RELATIONSHIP BETWEEN THINKING AND EMOTION 
My friend has a crush on a jerk. Even knowing about his character, she doesn’t change her feelings. It 
seems that her emotions are interfering with her ability to think straight. On the other hand, few studies 
have been done to empirically unveil the exact relationship between thinking and emotion.  However, it 
is important to know the extent to which these two marked cognitive activities affect each other, so that 
one can more effectively use thoughts to change inappropriate emotions. This investigation examines 
such interactions between emotion and thinking; the influence that thinking has on emotion. 
One way to observe the degree of correlation between emotion and thinking is to study people with 
impairments and see how they improve. As a result, we used a sample of patients with Major 
Depressive Disorder (MDD), a population where both functions of thinking and emotion are notoriously 
disrupted, to examine the thesis. For this specific pathology, we compared patients’ changes of emotion 
(amygdala activity) and thinking (report from ATQ-autonomic thinking questionnaire) before and after 
treatment. For treatment, they received Cognitive Behavior Therapy (CBT), which specifically geared 
towards improving their ability to think straight even in the presence of abnormal of emotions. We 
hypothesize that there exists strong correlation between thinking and emotion, and patients with 
significantly improved thinking would also show improved changes of feeling. In the case of my friend, 
despite her irrational feelings, I still believe that she will change her affections. 
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EMOTION LABELING DEFICITS IN YOUTH AT-RISK FOR BIPOLAR DISORDER 
Pediatric bipolar disorder (PBD) is a chronic mood disorder characterized by episodes of mania and 
depression in addition to deficits in emotion regulation.   Research has shown that family risk remains 
the best predictor of PBD onset.  Existing evidence also shows possible emotion labeling deficits in youth 
diagnosed with and at risk for PBD.  The goal of this study was to further explore these findings.  At-risk 
PBD youth(n=45) and healthy controls (n=75) performed a facial emotion-labeling task in which accuracy 
and subjective intensity were recorded.  Results showed no difference between at-risk and healthy 
controls in accuracy or intensity; however, we found that at-risk youth mislabeled neutral faces as happy 
more frequently compared to healthy controls.  Further, compared to unaffected at-risk youth, at-risk 
youth already affected with a psychiatric disorder made more errors when labeling angry faces and 
showed a trend for making more errors to fearful faces.  These findings suggest a possible attention bias 
to positive emotions in PBD, in addition to possible processing difficulties to threat laden emotions 
within at-risk affected youth.   
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ANALYSIS OF AXONAL REGENERATION IN A CRITICAL SIZED PERIPHERAL NERVE DEFECT 
US hospitals treat over 200,000 trauma patients a year resulting in peripheral nerve damage.  Five to ten 
percent of these cases pose serious neural defects.  Currently autografts are the gold standard for 
repairing peripheral nerve defects, though present research is striving towards using acellular allografts.  
The objective of this study is to evaluate the effectiveness of nerve autografts and acellular allografts to 
regenerate large peripheral nerve lesions.  In a rhesus monkey model, a 5 centimeter section of the 
median nerve was surgically removed and followed by implantation of either an autograft or an acellular 
allograft. Three months after surgery, nerve regeneration was assessed via histological methods by 
measuring the axonal density and myelin thickness in the neurons which is currently being analyzed, and 
also by measuring the neuron’s expression of S100 and PGP 9.5.  The S100 expression in both nerve 
grafts was analyzed and showed significantly lower expression in the middle sections of the nerve grafts.  
PGP 9.5 was also analyzed and showed that there was a significant decrease in the PGP 9.5 expression 
from the proximal to middle section and from the middle to distal section of both nerve grafts.   
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TUMOR ASSOCIATED FIBROBLASTS FACILITATE HNSCC PROGRESSION 
Head and Neck squamous cell carcinoma (HNSCC) is the sixth most prevalent cancer worldwide, and the 
mortality rates of which has had little improvement in decades. Tumor associated fibroblasts (TAFs) are 
among the most abundant cell types in the tumor microenvironment. TAFs have been reported to 
facilitate tumor progression in breast, prostate and other solid tumors. HNSCC tumors are highly 
invasive and metastatic. In order to develop therapeutic strategies to mitigate invasion and metastasis, a 
better understanding between the tumor and its associated stroma is necessary. In this study, TAFs from 
clinical HNSCC cases were isolated and propagated in vitro. Media conditioned by TAFs was used to test 
the effects of TAF secreted paracrine factors on HNSCC cells in vitro migration, invasion and proliferation 
assays. In vivo, TAFs were combined with luciferase expressing HNSCC cells for floor of mouth 
inoculation in mice. Tumor growth and metastases were assessed. The observations that TAF 
conditioned media increased HNSCC cell migration, invasion, and proliferation, and that TAFs combined 
with HNSCC cells increased tumor volume and metastases in vivo are taken as evidences that TAFs likely 
play a major role in increasing tumor volume and metastasis in HNSCC.   
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THE CORRELATION BETWEEN BRIAN HEALTH AND PHYSICAL ACTIVITY 
Previous research has shown that even moderate amounts of physical activity can have a significant 
influence on brain health. To follow up these studies we will analyze physical activity and its relation to 
cognition and brain health through a series of tests. In the Brain Aging & Cognitive Health Lab we 
investigate how the mind and brain will change as it ages in addition to the factors that promote 
successful aging. To do this, we use a variety of measurements such as computer based tasks, 
questionnaires, genetic testing, physical fitness testing, and magnetic resonance imaging (MRI). 
For this project, we will be conducting different cognitive tests on participants, both younger and older 
adults that do not have any neurological disorders. One of these tests is the Stroop Color and Word Test 
which is a classic test of attention and cognitive control. Upon completion of these tests, an 
accelerometer will be given to the participants to wear for a week and it will measure the person’s 
physical activity. After a week has passed, we will bring the participants back to the lab for more 
cognitive tests. I organize this data into different excel sheets and graphs to compare the accelerometer 
data with the results from the cognitive tests. We then analyze this data and look at different 
relationships between physical activity and the brain’s functioning based this data. Depending on our 
findings, we can work on using other tests to assess the relationship between physical activity and brain 
health like the Flanker test or maybe account for different aspects of measuring physical activity. 
Overall, our research will help find how activity affects the brain and ways to assist in bettering the aging 
process and keeping the mind from deteriorating from lack of activity. 
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SEXUAL CONFLICT AND THE EVOLUTION OF THE FEMALE REPRODUCTIVE TRACT IN A GIFT-GIVING 
BUTTERFLY 
Access to reproductive resources is critical, particularly for short-lived species. In some species, mating 
partners can provide resources that increase female reproductive output. In the Cabbage White 
butterfly (Pieris rapae), males transfer a package called the spermatophore internally to the female 
during mating. This spermatophore, or nuptial gift, not only contains sperm, it also has nutrients. 
Females utilize these nutrients to increase their longevity and reproductive output. Ironically, to access 
these nutrients, females must penetrate through a hardened outer layer encasing the spermatophore. 
They do so using a toothed, jaw-like structure in their reproductive tract called the signa. The signa is a 
crucial structure because it enables females to more rapidly access the nutrients in the spermatophore. 
We sought to determine whether females adjust investment in their signa based on their larval 
nutritional experience. We reared caterpillars from 5 families on artificial diets containing different 
protein concentrations, with a reference group reared on kale. We recorded adult female size, signa size 
and signa tooth number. We find that larger females exhibit larger signas across all diets, and that signa 
size and tooth number are strongly influenced by family identity. However, we find only minor indirect 
effects of diet on signa morphology. These results suggest that smaller females may find it difficult to 
access male-donated resources as rapidly as larger females, and that genotype may play a large role in 
signa development. 
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INVESTIGATION OF PARTICLE-LEVEL STRUCTURES IN OIL AND AQUEOUS SUSPENSIONS 
It has been shown previously in our group that adding moisture to granular materials allows for 
controlled mixing or segregation. This project focuses on expanding the aforementioned concept to 
colloidal systems consisting of discrete oil and aqueous phases with further focus on the creation of 
liquid bridges that cause this phenomenon.  By manipulating the contact angle and particle size we can 
predict whether a given system will segregate or mix. Acrylic and glass beads in various hexadecane and 
water mixtures were investigated to identify the particle-level structure of suspensions. Many 
antibiotics and children medications are delivered as suspensions; therefore creating a robust method of 
controlling the particle-level structure of a given suspension could have implications for the 
pharmaceutical industry.   
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SLOW ELECTRON DYNAMICS IN CdSe/TiO2 HETEROSTRUCTURES 
TiO2 is a popular material showing promise as a photoanode in dye-sensitized solar cells and as a 
photocatalyst for converting CO2 emissions into fuels such as CH4 and CH3OH.  One technical 
inefficiency associated with using TiO2 is related to its large band gap limiting photoactivity to ultraviolet 
light which comprises only ~ 4-5% of light reaching the earth’s surface.  Ideally, a material would also be 
able to utilize visible and near-infrared light to better harness all of the solar energy reaching the earth’s 
surface.  Semiconductor quantum dots (QDs), composed of CdSe and PbS, have become popular solid-
state sensitizers for TiO2 as they have size tunable optical properties that span visible and near-infrared 
energies. To date, sub-nanosecond electron dynamics in these materials have been investigated, but 
very little is known about long time scale processes that are more germane for energy harvesting and 
photocatalytic applications.  The long-lived excited electron states existing in CdSe-TiO2 have been 
investigated by probing delocalized electrons in the conduction band of TiO2 using infrared 
spectroscopy.  These charge carriers cause a non-specific and broad infrared absorption that is easily 
monitored with a standard laboratory FTIR spectrometer.  Results show that visible light excitation of 
the QD results in electron transfer across the heterostructure interface yielding excited conduction band 
electrons, which persist for hours with no obvious sign of decay.  O2 gas acts as an electron acceptor 
causing the decay of these excited states.  The role of surface states in the decay and transfer of excited 
electrons has also been probed by using different capping ligands to passivate the TiO2 surface.   
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REASSESSMENT OF THE POTENTIAL BENEFITS OF ENVIRONMENTAL ENRICHMENT 
Environmental enrichment (EE) consistently induces marked benefits in male rats after traumatic brain 
injury (TBI), but whether similar efficacy extends to females is not well established. Hence, the aim of 
this study was to reassess the effect of EE on functional and histological outcome in female rats after 
brain trauma. Twenty-four normal cycling adult female rats underwent verification of estrous stage prior 
to controlled cortical impact (CCI) or sham injury and then were assigned to EE or standard (STD) 
housing. Motor function was assessed with beam-balance/beam-walk and rotarod tasks on post-
operative days 1-5 and every other day from 1-19, respectively. Spatial learning/memory was evaluated 
using the Morris water maze task on days 14-19. Morphologically intact hippocampal CA1/3 cells and 
cortical lesion volume were quantified 3 weeks after injury. No differences were observed between the 
EE and STD sham groups in any endpoint measure and thus the data were pooled. In the TBI groups, EE 
improved beam-balance, beam-walk, rotarod, and spatial learning performance vs. STD (p’s < 0.05). EE 
also provided significant histological protection as confirmed by increased CA1/3 cell survival and 
decreased cortical lesion size vs. STD. These data demonstrate that EE confers robust benefits in female 
rats after CCI injury, which parallels numerous studies in males and lends further credence for EE as a 
preclinical model of neurorehabilitation.   
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EFFECT OF DIETARY PROTEIN CONSUMPTION IN WEIGHT LOSS STUDY PARTICIPANTS 
Background:  Research suggests that consuming a diet high in protein aids weight loss.  A decrease in the 
rate of stomach emptying due to protein intake may lead to a feeling of fullness and satiation.  We 
hypothesize that adults who are participating in a weight loss intervention and who increase their 
protein intake will reduce their weight more than those who do not eat a diet high in protein. 
Methods: We performed a secondary analysis of data from SMART, a behavioral weight loss 
intervention trial.  Food intake data were provided by two unannounced 24-hour dietary recalls at each 
assessment.  We examined the association between mean percent calories from protein and weight 
change from baseline to 24-months. 
Results:  Our sample (N=210) was 85% female and 78% White with a mean BMI of 34+4.5 and 32.8+5.1 
at baseline and 24-months, respectively.  Between baseline and 24-months, the sample’s mean weight 
decrease significantly and mean percent calories consumed from protein increases significantly 
(p=<.001).  From baseline to 24-months, change in percent calories from protein and percent change in 
weight were negatively correlated (r=-.152, p=.044), as were percent of calories consumed from 
vegetable protein and percent of calories consumed from saturated fat (r=-.474, p=<.001). 
Conclusions: Supporting our hypothesis, these data reveal that as percent calories from protein 
increased, weight decreased.  We also observed that a greater consumption of vegetable protein was 
associated with a reduced intake of saturated fat.  A randomized controlled trial testing this hypothesis 
is needed to confirm these preliminary findings.   
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BRITISH PERCEPTIONS OF BREAST CANCER DETECTION AND TREATMENT 
Background: The United Kingdom’s ( UK)’s 5 year breast cancer survival rates  are  
between 7 and 14 percent lower than the United States( US). This descriptive study  
examines British breast cancer patients’ perceptions of the UK National Health  
Service (NHS) effectiveness in the detection and treatment of breast cancer. In the  
UK mammography is covered every 3 years for women between 50-70 years.  
Treatment is regionally dispersed.  
 
Methods: Three breast cancer support groups (N=30), each at a different hospital, agreed to  
participate in a focus group. A 90-minute recorded discussion about the survivors’  
experience with the NHS treatment and detection of breast cancer was conducted  
during the support group meetings. The focus groups were transcribed, analyzed,  
and common themes were identified.   
 
Results:  Two common themes, worry and lack of control were present.  Potential  
late diagnosis and inadequate treatment due to geography of  regional disparity  
for treatment reimbursement were noted as examples..  
 
With few exceptions, patients were personally content, and in most cases, impressed by the treatment 
that they received. None of the UK  participants personally experienced late diagnosis or perceived 
inadequate treatment.  
Conclusions:  Although UK women were personally content with their  breast  
cancer diagnosis time and treatment, they  report feelings of  worry and  
powerlessness related to the potential for early diagnosis and for receiving adequate treatment.    
In order to improve satisfaction and improve public trust, rationed universal health  
care must provide scientific rationale and transparency for participant coverage.  
 
Future Studies: Focus groups will be conducted in the US for comparison.  
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RULE-BASED MODELING OF MOLECULAR FEEDBACK LOOPS IN C. ELEGANS SIGNALING 
Throughout the lifespan of an organism, cells must divide, grow, differentiate, and commit to processes 
like apoptosis and autophagy.  The timing of these events is controlled by the concentration of a 
relatively small set of  extracellular signals.  The internal decision-making process is highly involved 
because it must properly interpret signals and stabilize cellular responses.  The mitogen activated 
protein kinase cascade is a cytoplasmic integrator of information arising from extracellular signals such 
as growth factors and insulin-like hormones.  A negative feedback loop involving this cascade, calcium 
calmodulin dependent kinase II, and ribosomal S6 kinase has been conjectured from genetic 
knockdowns in the nematode C. elegans.  However, by adjusting the level of a growth factor the 
pathway exhibits a bistable, all-or-nothing response, characteristic of a positive feedback loop. We 
formulate a simple dynamical model to understand the basis of disease because almost all of these 
protein interactions are conserved in humans. 
Several computer simulations which model this molecular network have been conducted using rule-
based modeling which generates a large reaction network (thousands of reactions) from a small set of 
hypothesized molecular interactions. In one computational approach, the scaffold that holds the 
cascade proteins in proximity is tethered to a membrane compartment and hence restricted to 2-
dimensional diffusion.  In a second approach, spatial simulations have been conducted that account for 
the flat geometry of the C. elegans myocyte.  Two stochastic simulators have been used to determine 
how important the spatial effects are in this signaling pathway.  The simulations may help in 
determining which genetic and biochemical experiments are capable of distinguishing between 
alternative models.   
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FACTORS LIMITING THE OUTPUT OF AN ENZYME-POWERED BIOFUEL CELL 
A biofuel cell uses enzyme catalyzed redox reactions to convert fuel molecules found in vivo into an 
electric current. Biofuel cells can be implantable and used to act as sensors or to power other 
implantable devices. Our biofuel cell uses glucose oxidase (GOX) to catalyze the oxidation of glucose on 
the anode and bilirubin oxidase (BOD) to catalyze the reduction of oxygen on the cathode, which 
ultimately creates a useable electric current. Because voltage output of these cells decays quickly during 
use, electrode activity, enzyme binding, and fuel cell power output were examined to determine factors 
limiting cell output. Electrodes were fabricated using a combination of electrospinning and deposition 
techniques. These electrodes were then paired together, one with GOX and one with BOD immobilized 
on its surface. The results of this study suggest that, initially, the GOX electrode limits output of the cells. 
Adding additional GOX electrodes during initial cell use increased the voltage output of the cells almost 
tenfold over additional BOD electrodes. Low GOX binding to the electrode suggested that initial activity 
could be improved by increasing enzyme density on the electrode. During extended use, however, the 
BOD electrode limited the power of the cell due to a high rate of activity drop in the cathode. In order to 
maintain a high voltage output for longer, methods of maintaining BOD electrode activity should be 
investigated. In addition, optimizing the ratio of GOX to BOD by altering enzyme size or density on 
electrode can improve biofuel cell output.   
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EFFECTS OF ARTIFICIAL BLOOD ON THE RHEOLOGICAL PROPERTIES OF BLOOD 
Introduction: The effects of blood substitutes like perfluorochemical emulsions (PFC) and hemoglobin-
based oxygen carriers (HBOC) on acute blood loss and anemia have been intensively studied. However, 
there is still little known of their effects on the rheological properties of blood. A new study was 
conducted to determine if a 10% replacement of plasma volume with PFC or HBOC would significantly 
affect the rheological parameters of red blood cell (RBC) deformability, RBC mechanical fragility (MF) 
and blood viscosity.  
Methods: Samples of 30% hematocrit blood with a 10% plasma replacement of PFC, HBOC, or saline 
(control) were prepared on the day of testing. RBC deformability was assessed by ektacytometry 
(Linkam Shearing Stage), blood viscosity was measured by a Brookfield rheometer, and MF was 
evaluated by exposure of RBCs to a standard shear stress for one hour. Statistical analysis was 
conducted using one-way independent ANOVA. 
Results: Our study found that PFC and HBOC lowered the MF of RBCs compared to the control (p<0.05 
for PFC, p>0.05 for HBOC), but neither PFC nor HBOC produced a significant effect on RBC deformability 
(p>0.05 for PFC and HBOC). At multiple flow conditions, PFC slightly decreased blood viscosity (p<0.05) 
while HBOC slightly increased it (p<0.05) due to the higher viscosity of HBOC solution compared to PFC 
viscosity. 
Discussion: These findings suggest that PFC and HBOC artificial blood products do not have significant 
effects on the rheological properties of whole blood while enhancing mechanical characteristics of RBCs.  
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THE ROLE OF BH3-ONLY PROTEINS IN APOPTOSIS INDUCED BY MTOR INHIBITION 
The mechanistic target of rapamycin (mTOR) is a crucial kinase that controls a variety of cellular 
processes including growth, cell cycle progression, and metabolism. It is upregulated in cancer cells and 
drives tumorigenesis by promoting cell survival and proliferation through two primary complexes, 
mTORC1 and mTORC2. Thus, mTOR is a potential target for cancer treatments. Rapamycin, a natural 
macrolide produced by Streptomyces hygroscopicus, has been found to inhibit mTORC1 and cause 
apoptosis in certain cell lines, and so it has been utilized in a number of therapeutic compounds to treat 
human cancer cells. However, the mechanism through which mTOR inhibition causes apoptosis is not 
fully understood. This study investigates the possible role of the intrinsic mitochondrial apoptotic 
pathway during mTOR inhibition. This pathway is known to act through a family of pro-apoptotic 
proteins known as the BH3-family, comprising of Noxa, Puma, Bid, and Bim, as well as the BCL-2 effector 
proteins Bak and Bax. To determine their roles in this process, HCT116 colorectal cancer cells were 
treated with rapamycin analogs everolimus (RAD) and temsirolimus (TEM) and probed for BH3 and BCL-
2 protein activity. Western blot data showed increased levels in both families of proteins. BIDKO and 
NOXAKO HCT116 were similarly treated with everolimus and temsirolimus and found to be resistant to 
apoptosis. This is evidence that the BH3 proteins play important roles in facilitating apoptosis. Bak and 
Bax, key initiators of mitochondrial permeabilization during apoptosis, will be further investigated to 
corroborate the mitochondria’s role in this process.   
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AGE-RELATED DIFFERENCES IN RESTING-STATE FUNCTIONAL CONNECTIVITY NETWORKS 
Normal aging is characterized by a decline in cognitive function thought to be due to the disruption of 
connections within functional networks in the brain. We used functional magnetic resonance imaging to 
compare the whole-brain functional connectivity of younger and older individuals. Our aim was to 
localize brain regions showing decreased connectedness in older brains compared to younger brains and 
then identify where functional connections were lost for these regions. Twenty-four younger (21-35) 
and older (65-85) subjects participated in a resting state scanning session during which they fixated with 
eyes open for twenty minutes. Using a voxel-wise correlation analysis, the whole-brain functional 
connectivity for each participant was computed. We generated connectivity maps for each group and 
defined regions of interest (ROI) from a between-groups t-test. We then determined for each ROI what 
connections were absent in older brains to cause decreased connectedness with age. Group-wise 
correlation maps were created for each ROI, and regions with decreased functional connectivity were 
determined from a between-groups t-test. Brain regions that showed decreased connectedness with 
age included areas of the Default-Mode Network (DMN) as well as bilateral parahippocampal gyri and 
several left temporal regions. The DMN in older brains showed both decreased connectivity to areas 
within the network and to other regions outside the DMN suggesting that characteristics of normal 
aging may be due not only to the disruption of connectivity within functional networks but also to the 
connectivity between functional networks.   
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AGE-RELATED DIFFERENCES IN RESTING-STATE FUNCTIONAL CONNECTIVITY NETWORKS 
Normal aging is characterized by a decline in cognitive function thought to be due to the disruption of 
connections within functional networks in the brain. We used functional magnetic resonance imaging to 
compare the whole-brain functional connectivity of younger and older individuals. Our aim was to 
localize brain regions showing decreased connectedness in older brains compared to younger brains and 
then identify where functional connections were lost for these regions. Twenty-four younger (21-35) 
and older (65-85) subjects participated in a resting state scanning session during which they fixated with 
eyes open for twenty minutes. Using a voxel-wise correlation analysis, the whole-brain functional 
connectivity for each participant was computed. We generated connectivity maps for each group and 
defined regions of interest (ROI) from a between-groups t-test. We then determined for each ROI what 
connections were absent in older brains to cause decreased connectedness with age. Group-wise 
correlation maps were created for each ROI, and regions with decreased functional connectivity were 
determined from a between-groups t-test. Brain regions that showed decreased connectedness with 
age included areas of the Default-Mode Network (DMN) as well as bilateral parahippocampal gyri and 
several left temporal regions. The DMN in older brains showed both decreased connectivity to areas 
within the network and to other regions outside the DMN suggesting that characteristics of normal 
aging may be due not only to the disruption of connectivity within functional networks but also to the 
connectivity between functional networks.   
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STATE OF THE ART TOOLS OF VISION 
There are 285 million people worldwide with visual impairments; this group of individuals is composed 
of both blind and low vision constituents.  The purpose of this study was to assess the strength and 
weaknesses of two assistive devices – the BrainPort and Virtual Cane.  The BrainPort functions through 
the use of a “lollipop” electrode that is placed on the subject’s tongue to stimulate the receptors and 
allow analysis of the surrounding environment.  The BrainPort relays this information via its equipped 
video camera.  The Virtual Cane operates by a “point & detect” mechanism through its infrared sensor.  
The proximity of a nearby object determines the intensity of the Virtual Cane’s vibration and “buzzing” 
sound to alert its user.   
Five blindfolded, normally-sighted subjects (ages 20-26) navigated a 40’x7’ obstacle course with both 
the BrainPort alone and Virtual Cane alone.  Errors were recorded in terms of a “clips” and “collisions” 
scoring system.  The time to complete the course with either device was the course speed (CS).  Each 
subject also walked an empty course, free of obstacles, to record a baseline called the preferred walking 
speed (PWS). The percentage preferred walking speed (PPWS), the CS/PWS, was the overall statistic 
used to measure results. 
The average PPWS for all subjects was 22% for the virtual cane and 15% for the BrainPort.  Overall, 
when using the virtual cane subjects navigated at a faster speed with fewer errors.  The virtual cane may 
eventually function either entirely with a vibration (sensory) or “buzzing” (audio) component. 
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ISOLATION AND CHARACTERIZATION OF FIBROBLASTS FROM ABDOMINAL AORTIC ANEURYSMS 
Abdominal aortic aneurysms (AAA) are caused by a weakening in the aortic wall, which leads to 
ballooning of the vessel.  AAA presents a serious health risk because the aneurysm may rupture, causing 
the patient to rapidly lose a large amount of blood.  For this project, tissue samples from patients 
undergoing elective AAA resection were collected.  The adventitial layer was peeled away from the rest 
of the AAA wall sample.  The adventitial layer cut into small pieces, which were then digested by the 
enzymes collagenase and elastase.  Cells from the adventitial layer pieces were cultured and grown 
nearly to confluency, and were then exposed to either hypoxic (1% O2) conditions for two days, or to 
stretch (10% strain) conditions for three days.  After both experiments, immunofluorescence staining 
was used to examine the expression of several proteins.  Antibodies used in immunofluorescence 
staining included alpha smooth muscle actin (&#945;-SMA, a marker for myogenic cells), discoidin 
domain receptor 2 (DDR2; a marker for fibroblasts), h-caldesmon (h-Cal, a marker for smooth muscle 
cells), collagen I, collagen III and matrix metalloproteinase 9 (MMP9, an inflammatory marker).  DAPI 
was used as a nuclear stain, and F-actin staining was used to study the morphology of the cells.  Collagen 
I and Collagen III expression was found to increase in cells that had been exposed to hypoxic conditions, 
and F-actin expression increased in cells that had been exposed to the stretch condition.   
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ROTATOR CUFF INSERTION SITE GEOMETRY IN SUBJECTS WITH AND WITHOUT SUPRASPINATUS TEARS 
Rotator cuff tears commonly occur in patients older than 50 and failure rates for repair procedures 
range from 25% to 35%. A lack of stress on the insertion sites due to the torn rotator cuff tendon could 
cause bony absorption of the tuberosities. Anatomical changes in the surface geometry of the rotator 
cuff insertion sites could have implications for repair procedures. The objective of this study is to 
compare the insertion site geometry of the rotator cuff in subjects with and without supraspinatus 
tears. We believe that the size of the insertion sites will increase due to the presence of a rotator cuff 
tear and a corresponding change in shape will occur. 
Shoulders of subjects were scanned using computed tomography (n=9 healthy and n=9 with a 
supraspinatus tear). The size and shape of the rotator cuff insertions on the greater and lesser 
tuberosities were compared using a previously published method that divided their surfaces into 
multiple facets. Vertices were chosen to represent the boundaries of each facet on the surface 
geometry of each humerus. The surface area of each facet was determined by breaking the area into 
triangular sub-regions and then Heron’s formula was used to calculate the area. The shape of each facet 
was compared by finding the shape factor and by examining the number of vertices used to describe 
each facet. 
No statistically significant differences were found, disproving our hypothesis.  The largest increase in 
area was 44%, which occurred for the Greater Tuberosity: Superior facet. In the future, the surface 
geometry of humeri from individuals with large to massive tears will be examined. 
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STUDY OF THE PARTITIONING SYSTEM IN MYCOBACTERIOPHAGE REDROCK 
Partitioning systems are cassettes of genes usually found on natural plasmids that ensure each daughter 
cell receives a copy of the DNA the partitioning system is on. Interestingly, a previously discovered 
mycobacteriophage, RedRock, contains a purported partitioning system in its genome where one would 
normally find integrase genes. Integrase genes are used in the lysogenic cycle to allow the 
bacteriophage to insert its genome into that of the bacterial cell it is infecting. Based on its lack of 
integrase genes, it is hypothesized that RedRock uses its partitioning system to establish lysogens that 
do not integrate into the host genome, but instead are maintained as plasmids. To test this theory, I 
inserted the partitioning system from RedRock’s genome into a synthetic plasmid that codes for a 
fluorescent protein and kanamycin resistance. This plasmid is usually unstably maintained in 
Mycobacterium smegmatis. I then tested the maintenance of the plasmid with and without the 
partitioning system by comparing the amount of fluorescent protein produced as well as the number of 
kanamycin resistant cells. I found that the plasmid with RedRock’s partitioning system is kept at a much 
higher rate, which suggests that RedRock does indeed contain a successful partitioning system. This is 
not only one step closer to showing that RedRock keeps an extrachromosomal lysogen, but also 
documents one of the first known partitioning systems in Mycobacterium, a genus of bacteria that 
includes not only M. tuberculosis, but also Bacillus Calmette–Guérin, the world’s most used vaccine 
against tuberculosis.   
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CHARACTERIZATION OF EXTRACELLULAR MATRIX SECRETED BY EMBRYOID BODIES 
Extracellular matrix (ECM), the native microenvironment of cells which actively remodels throughout cell 
growth and differentiation, is key for cell survival. We hypothesize that ECM may be used as a platform 
to aid in the maintenance and directed differentiation of embryonic stem cells in vitro.  The objective of 
this study was to characterize and compare ECM secreted by germ layers formed during spontaneous 
embryoid body (EB) formation and when induced by retinoic acid (RA) for enhanced ectoderm 
commitment. 0.1% Sodium Dodecyl Sulfate and 1% Triton-X 100 detergents were used to produce 
acellular murine EBs.  The morphology and ultrastructure of acellular EBs was analyzed using brightfield 
microscopy and scanning electron microscopy.  Immunohistochemistry, DNA quantification, and protein 
quantification assays were used to confirm acellularity and characterize the ECM of EBs cultured under 
spontaneous conditions and EBs exposed to 1&#956;M RA.  Our results show that decellularization 
successfully removed nuclear material while maintaining ECM protein under both culture conditions; 
however, greater amounts of ECM protein were observed in spontaneous EBs.   
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VARIABLE RESOLUTION LIBRARY BASED MONTE CARLO DOCKING WITH THE ESTROGEN RECEPTOR 
Docking studies seek to identify and score the correct binding pose of a ligand to a receptor.  Most 
docking studies have limited accuracy due to the lack of protein flexibility.  Here, we develop variable 
resolution library-based Monte Carlo (VRLBMC) for fully flexible receptor docking.  VRLBMC allows for 
atomistic modeling of ligands and amino acid residues in the region of interest while coarse-graining the 
rest of the system.  We apply VRLBMC to the Estrogen Receptor Alpha (ER) system in an effort to 
improve the method.  First we re-dock 17-B-Estradiol (EST) into a crystal structure of ER bound to EST 
(PDBID: 1ERE) at a random angle in order to simulate blind docking. Here, we demonstrate that VRLBMC 
can find the correct binding pose with fairly high frequency and can resolve steric clashes generated by 
the random rotations.   Next, we cross-dock  EST into crystal structures of ER (that is, dock EST into 
crystal structures solved without EST as the ligand) bound to Genistein and Way-244 (PDBID: 1X7R and 
1X7E, respectively).  Here, we see that VRLBMC can find the correct binding pose even if the protein 
conformation is not where it should have been initially: we see fully flexible receptor docking of EST into 
the ER.  Finally, we explore ways of improving the quality of docking by modification of specific pieces of 
the VRLBMC algorithm.   
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NANO-CONFINED CO2 SORBENTS FOR HIGH-EFFICIENCY CO2-CAPTURE 
With increasing global concern over climate change, technologies that seek to mitigate emissions of 
greenhouse gases are gaining increasing attention in the scientific community. One approach for 
minimizing the amount of carbon dioxide emitted from anthropogenic point sources – such as fossil 
fuel-fired power plants – is carbon capture and sequestration. This project focuses on investigating a 
particular carbon dioxide capture set-up that involves encapsulating CO2 sorbing amino-silicone oils in 
hollow silica nano-shells. Encapsulating these sorbents in nanoparticles lends the advantage of being 
able to handle them in a solid – rather than liquid – form. Using thermogravimetric analysis (TGA), 
sorption of CO2 by these encapsulated sorbents was studied as a function of mass uptake in an 
environment of alternating He and CO2 gas flow. The sorbent 1,3-bis(3-aminopropyl)-1,1,3,3-
tetramethyldsiloxane (GAP-0) exhibited sorption kinetics in nano-encapsulation that were greater than 
20 times the rate of sorption by the un-encapsulated GAP-0. However, this same class of sorbents (both 
in encapsulated and unencapsulated forms) demonstrated significant volatility at temperatures in the 
range of 45-90 degrees Celsius. As a result of this volatility, the sorption capacity of the encapsulated 
material decreases steadily from the initial sorption/desorption cycle to subsequent cycles. This lack of 
stability draws into question the practicality of using these particular sorbents in nano-encapsulation as 
a viable CO2 capture method.   
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SYNERGISTIC DRUG DELIVERY FOR LONG GAP PERIPHERAL NERVE REPAIR 
Peripheral nerve damage leads to sensory problems in addition to pain and loss of sensation. Every year 
hundreds of thousands of people suffer the symptoms of peripheral nerve damage. Restoring the 
peripheral nerve in order to restore the function of the nerve after the long gap peripheral nerve 
damage remains a great challenge even today. The objective the following research project was to 
examine the relationship of the synergistic combination of glial cell line-derived neurotrophic factor 
(GDNF) and Lithium (Li) and its effect on nerve regeneration. It was hypothesized that a drug delivery 
system that targets both neuronal regeneration (e.g. Li) and Schwann cell migration and proliferation 
(e.g. GDNF) will result in accelerated functional recovery and axonal regeneration following peripheral 
nerve injury.  
Different combinations of Li and GDNF were tested in biodegradable nerve guides in rat critical size 
sciatic nerve defect models. Histological analysis and functional recovery were monitored for evaluation 
of speed and quality of nerve regeneration.  
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INTERFACIAL INTERACTIONS OF ZERO DIMENTIONAL CARBON NANOTUBES AND THEIR APPLICATIONS 
AS THIN FILMS:  A POTENTIAL PLATFORM FOR CELL GROWTH 
Amongst their many unique properties, single-walled carbon nanotubes (SWNT) have specific 
limitations, including non-uniformity in length, frequent defect sites, and low dispersibility in solution. 
To overcome these limitations, researchers at the Little Lab developed “zero dimensional” single-walled 
carbon nanotubes (0dSWNT), less than 10 nm in length and much more dispersible in solution.  
The aim of this research was to create a more usable form of 0dSWNT by creating thin films using the 
concept of interfacial film climbing in an oil/water emulsion. Using a heptane/water emulsion, the film-
climbing property of the SWNT and 0dSWNT was video-recorded for verification. A pendant drop 
experiment with nanotubes dispersed in water was used to determine whether a reduction of interfacial 
tension contributes to film-climbing. Next, thin films of SWNT and 0dSWNT were made on glass slides 
and coverslips by this technique. As a potential application, SWNT and 0dSWNT thin films on coverslips 
were used as a substrate for hMSC growth and potential differentiation towards a neuronal lineage. 
After three days of culture, cell growth was dense, and the samples were fixed and stained. Ultimately 
the thin, uniform films created by the film-climbing technique proved to be an effective substrate for 
the cells. 
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UNDERSTANDING THE LEXICONS OF INTENSIVE ENGLISH PROGRAM STUDENTS 
Second language (L2) learner corporahave become important because measures of frequency in 
learning arekey to understanding L2 development (Ellis, 2007). One measure ofdevelopment is lexical 
diversity (e.g., Yu, 2010). Measures oflexical diversity are compiled in conjunction with external listssuch 
as the British National Corpus (BNC) or independently of them(Daller & Xue, 2007). This poster depicts a 
corpus study of thelexical development of 414 English as a Second Language (ESL)students in an 
intensive English program over a seven-year period.The research question was whether their lexical 
diversity increasedreliably over three semesters. Students contributed up to threesemesters of data to a 
database resulting in a corpus of 4,192,535words. The texts, minus non-dictionary words, were analyzed 
usingpython scripts. Sufficient data from Arabic-speaking (n=61),Korean-speaking (n=48) and Chinese-
speaking (n=36) learners permittedtracking of lexical diversity over two to three semesters. Alist-
independent measure, D, shows that overall lexical diversityincreases reliably over three semesters from 
low intermediate(average D=51.2, SD=13.94) to intermediate (62.60, SD=12.68) toadvanced (70.43, 
SD=20.83). On a list-dependent measure of diversity,usage of lower-frequency band words also 
increases, and thisdiversity measure reveals qualitative differences across the three L1groups. These 
differences are attributable to the culture-specificvocabulary used by different L1 groups. We conclude 
that learners’vocabulary size and diversity increases significantly over time andthat instruction in 
intensive programs should focus even more onacademic words (Coxhead, 2000) to promote diversity at 
higher BNCfrequency levels.   
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DEVELOPMENT OF A ''PHANTOM'' MULTIPHOTON MICROSCOPY IMAGE OF THE AORTIC WALL USING 
INPUT MICROSTRUCTURAL PARAMETERS OF THE CONNECTIVE FIBER ARCHITECTURE 
One way of understanding how alterations in individual properties of collagen and elastin fibers affect 
the mechanical response of a blood vessel in health and disease is by visualizing it using image 
processing techniques. A real microscopy image does not allow us to vary microstructural characteristics 
of connective fibers such as orientation, amplitude of undulation, and frequency, because it does not 
have any control variables of this type. The goal of this project is to overcome this obstacle by 
programming "phantom" multi-photon microscopy images of collagen and elastin fibers using input 
microstructural parameters. We created "phantom" multi-photon images of collagen and elastin using 
Matlab that closely resemble real images of collagen and elastin seen in aortic tissue. The script allows 
the user to change individual architectural features of the fibers such as orientation, overall shape, 
degree of bending, amplitude of undulation, frequency, number of fibers and amount of noise, all of 
which are kept random within a range. The phantom script can also be useful at testing the efficiency of 
image analysis techniques. For example, a programmer can use the output of his code as input for the 
phantom script, and then run his code on the phantom image to see if he can get similar results as with 
the real image. Moreover, because phantoms lack noise and background, it is easier for a programmer 
to verify that the execution of noise and background removal steps of his code have minimal adverse 
effects on the meaningful information of the image.   Arpan V. Prabhu 
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THE PHOSPHODIESTERASE (PDE) INHIBITOR PAPAVERINE REDUCES ETHANOL INTAKE IN MICE 
Alcohol dependence kills 79,000 people and costs $223 billion yearly in the United States. Cyclic AMP 
(cAMP) and cyclic GMP (cGMP) protein kinase signaling has been implicated in ethanol consumption 
regulation in mice. Of the 11 known phosphodiesterases (PDEs), PDE4 and PDE10 catalyze cAMP 
hydrolysis and increase intracellular cAMP/cGMP levels in the basal ganglia circuit. Basal ganglia circuit 
dysfunction is implicated in alcoholism and CNS disorders including Alzheimer’s. PDE4 and PDE10 are 
emerging as targets to regulate alcohol abuse. This study examined whether PDE4 and PDE10 regulate 
ethanol intake in mice. The two-bottle choice and drink-in-dark paradigms assessed intake of ethanol, 
sucrose, and quinine in C57BL/6J mice treated with papaverine, a PDE10 inhibitor that also inhibits 
PDE4. Blood ethanol concentrations and locomotor tests were conducted. Papaverine at doses of 10 and 
30 mg/kg reduced ethanol consumption, although at lower doses (0.3-3.0 mg/kg) papaverine did not 
significantly affect ethanol consumption. The results indicate that PDE4 and PDE10 may be novel targets 
for drugs that reduce ethanol intake; their inhibitors may be a potential pharmacotherapy for alcohol 
dependence.   
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SYNTHETIC METHODOLOGIES FOR NEW CURCUMIN-BASED CHEMICAL PROBES 
The aim of this project was the design and synthesis of a diversity-oriented library of curcumin 
analogues.  In the recent years, curcumin has attracted the attention of the medical community due to 
its activity toward a variety of biological targets. However, the lack of efficient synthetic methodologies 
limit the scope of structure-activity relationships (SAR) of the curcumin lead.  To overcome this 
deficiency, we developed a modular approach for the synthesis of curcumin analogs.  We focused on 
three areas amenable to complementary synthetic strategies.  The Claisen-Schimdt condensation with 
different &#945;,&#946;-unsaturated ketones and acid chlorides allowed for a facile production of 
analogues with asymmetrically substituted termini in moderate yields.  Diversity in curcumin’s linker 
chain was achieved through cyclopropanation of the &#945;,&#946;-enone and by cyclization to form 
thiazole analogues.  Lastly, by modifying previous methodology for the synthesis of curcumin analogues, 
we were able to modify curcumin’s methylene group using a simple alkylation protocol.  Variation of 
these three areas allows for the rapid development of large libraries for use in high throughput 
biological screening.  Furthermore, our divide and conquer synthetic approach to analogue development 
provides flexibility to fine-tune the resulting compounds for a specific biological target.   
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RIGOROUS EMPIRICAL SCORING OF PROTEIN-LIGAND INTERACTIONS 
Protein-ligand docking and scoring has the potential to improve the efficiency and lower the cost and 
time to market of drug discovery.  Recently, the Community 
Structure-Activity Resource (CSAR) exercise provided an opportunity to test the effectiveness of various 
scoring functions in a 2010 benchmark study.  The empirical scoring function Lead Finder appeared to 
perform the best (Novikov, et al. 2011).  Our research aims to recreate the Lead Finder scoring function 
using the 343 protein-ligand complexes provided by CSAR as the training data set.  Currently, we have 
reproduced 11 terms in the scoring function capturing van der Waals interactions, desolvation effects, 
hydrogen bonding, electrostatic interactions, and internal energy losses upon binding, with cross 
validation resulting in an R2 correlation of 0.54 between predicted and actual binding affinity values.  
Future work will focus on completing the scoring function by incorporating metal interactions and 
parameterization to support virtual screening, as well as building a framework so that users can tailor 
the scoring function for speed or accuracy.   
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THE EFFECTS OF ACETYLATION ON THE DYNAMICS OF THE LENGTH-INDUCED FORCE RESPONSE OF 
CARDIAC MUSCLE 
Suboptimal cardiac contractility is characteristic of a wide range of cardiovascular diseases (e.g. coronary 
artery disease, cardiomyopathy, hypertension, and arrhythmias). Contractility refers to the heart’s 
intrinsic ability to produce force in order to pump blood throughout the body. Because poor perfusion, 
one of the consequences of a defective contractile apparatus, is deadly, mechanisms to restore cardiac 
force production are of great therapeutic interest. Investigators from the University of Pittsburgh 
(Cardiovascular Systems Lab) and the University of Chicago recently discovered that myofilament 
protein acetylation causes increased cardiac force production in vitro. In order to examine the 
biophysical bases for acetylation-induced increase in cardiac force production, two groups of skinned 
cardiac muscle fibers were studied: (1) experimental group treated with relaxing solution containing 
histone deacetylase (HDAC) inhibitor (trichostatin A, TSA, 200nM) to increase myofilament acetylation 
and (2) control group treated with relaxing solution (Vehicle). Data was collected from experiments 
involving 8 step-like length perturbations of each fiber (+/- 2% of the sarcomere length in 0.5% 
increments), and using a model-based analysis we were able to quantify the magnitude and kinetic 
parameters of the dynamic cross-bridge recruitment and distortion processes involved in cardiac force 
production. Parameter values estimated from the data revealed that the increased force production in 
myofilament protein acetylated fibers is due to both a larger number of actin-myosin cross-bridges 
being formed and a greater force being produced by each cross-bridge.   
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AIRWAY IMMUNE RESPONSE AND SYSTEMIC EXPOSURE OF INHALED rGM-CSF IN INFANT MICE 
Respiratory syncytial virus (RSV) is one of the leading causes of respiratory tract infections in children; 
nearly every child will be infected by the age of two. There is no current vaccine or treatment for RSV 
infection. Previous studies have shown that immune modulatory agents, such as recombinant GM-CSF 
(rGM-CSF), decrease RSV titers in mice. This study examines the pharmacokinetics and 
pharmacodynamics of inhaled rGM-CSF in infants compared to adult mice. Using a Luminex assay, the 
concentration of rGM-CSF in digested lung tissue and blood was analyzed over 24 hours following a 
weight-based dose. In adults, rGM-CSF was rapidly detected in lung digest and blood, with levels 
peaking at 1 hour and decreasing to endogenous levels by 8 hours. In pups, rGM-CSF levels peaked 
immediately at 0.5 hours and decreased by 4 hours. Pups showed higher concentrations of rGM-CSF per 
weight in both lung and blood. Whole lung was analyzed by flow cytometry for macrophage activation at 
8 and 24 hours post rGM-CSF dose. In pups and adults, CD11c+/CD11b+ expression increased, 
suggesting activation or infiltration of antigen presenting cells. MHC class II expression also increased in 
both age groups, while only adults showed increased CD86 expression. Adults showed greater increases 
in antigen presenting cells after 24 hours, suggesting a potential positive feedback mechanism following 
inhaled rGM-CSF. This pharmacokinetic and pharmacodynamics data allows for better insight of 
systemic toxicity and immune response elicited by rGM-CSF in the airway to fight RSV infection. 
Supported by KL2 RR024154.05.   
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PUPILLARY RESPONSES TO INHIBITORY ERRORS IN A PRIMATE MODEL OF COCAINE DEPENDENCE 
Pupil dilation and gaze tracking provides a non-invasive means of studying the way information is being 
processed during cognitive tasks.  Previous human studies have shown that pupil dilation reflects 
increased cognitive load and error processing.  Human cocaine users show impaired error processing. In 
order to study this phenomenon in non-human primates, we built a low cost pupillometry/gaze tracking 
system.  This system underwent extensive testing with humans for validation and has now been 
implemented into routine experiments with non-human primates.  In a study of response inhibition, 2 
monkeys (one control and one with previous exposure to cocaine) performed a task while also having 
their pupil responses monitored.  From this pilot study, we found that the control monkey exhibited a 
significant pupillary response to inhibition errors, which occurred about 250 milliseconds after being 
cued to inhibit a response in progress.  The pupillary response of the cocaine-exposed monkey did not 
distinguish between successful and failed inhibitions.  These findings are the first to show an inhibition 
error-related response in non-human primates. This will be followed up in future work with larger 
populations of animals, with studies aimed to explore the underlying neurobiology.   
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INFLUENCE OF LARVAL NUTRITION ON NUPTIAL GIFT GIVING IN CABBAGE WHITE BUTTERFLIES PIERIS 
RAPAE 
Male Cabbage White butterflies, Pieris rapae, provide females with a nutrient-rich nuptial gift called a 
spermatophore during mating. Nutrients contained within the spermatophore are obtained at the larval 
stage and these nutrients largely cannot be replenished as adults. Therefore, differences in larval 
nutrition are expected to influence how males allocate resources to their spermatophore. We tested 
two potential hypotheses for male spermatophore investment.  Our first hypothesis states that males on 
low protein diets will produce larger spermatophores relative to their body size than males on higher 
protein diets to counteract anticipated low mating success. The alternate hypothesis states that males 
allocate a fixed percentage of their protein resources into their spermatophore, causing larger males to 
have larger spermatophores than small males. We reared caterpillars on kale and artificial diets with 
varying protein content. We mated adult males to virgin females raised on kale. We measured male 
spermatophore wet and dry mass. Preliminary data shows that larger males produce larger 
spermatophores than smaller males; however this relationship is weaker for males reared on kale 
compared to those reared on artificial diets. Diet had no direct effect on male spermatophore size. Our 
results support the hypothesis that males contribute a fixed percentage of their body weight during 
mating, but this relationship is relaxed for kale-reared individuals, possibly due to higher resource 
availability in their natural host plant.  
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THE PROLIFERATION OF MUSCLE DERIVED STEM CELLS 
Stem cells that are maintained in culture are in a heterogeneous population. Purifying these populations 
is difficult to do. However, it is critical to cell therapeutics to be able to characterize these different 
populations. The goal of this project was to see if two of these subpopulations can be distinguished on 
the basis of their division time. Muscle derived stem cells (MDSC) were used in this project. The cells 
were live imaged under a microscope for about 6 days and their division times were recorded. Using this 
data statistical analysis was done on them to see if two populations can be determined. 
893 division times were recorded for the mouse MDSC.  These division times were then statistically 
analyzed. Further analysis was done on the growth rate of the cells. An attempt was made to see if an 
equation can be obtained to predict cell growth over time is the cells were never restricted by space. A 
quadratic increase was seen in the average number of cells over time and more experimental results are 
underway to confirm an approximate mathematical model. An additional 808 division times were 
obtained for rat MDSC. These are currently being analyzed. 
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THE REGULATION OF DOPAMINE BY CIRCADIAN CLOCK GENES: POTENTIAL TARGETS FOR THE 
TREATMENT OF ADDICTION AND MOOD DISORDERS 
Many psychiatric disorders, including bipolar disorder, exhibit addiction comorbidity, a devastating 
illness that affects millions worldwide. Despite extensive research into the mechanisms underlying 
psychiatric disorders and addiction, current therapeutic efficacy remains low. Recent evidence suggests 
disruptions in the circadian system are causative factors for psychiatric disease, including drug addiction. 
Thus, understanding how the circadian system influences the potential mechanisms underlying 
psychiatric disorders may lead to novel therapeutic targets. 
The current study utilizes a model of bipolar mania, the Clock&#8710;19 mouse, which exhibits a 
hyperhedonic phenotype through a loss of function mutation in the circadian Clock gene. The drug-
sensitive ventral tegmental area (VTA) in Clock&#8710;19 mice exhibits heightened levels of tyrosine 
hydroxylase (TH), the rate-limiting enzyme in dopamine synthesis, which may bridge the gap between 
this circadian mutation and its subsequent behavioral phenotype. Given that the CLOCK protein 
normally represses TH in the VTA, we hypothesized that the Clock&#8710;19 mutation abolishes its 
ability to inhibit TH. To test this hypothesis, we examined two CLOCK-binding repressor proteins, 
Cryptochrome (CRY1) and Sirtuin1 (SIRT1), both previously implicated in CLOCK-mediated repression. 
Using co-Immunoprecipitation and Western blot analysis, we found that CRY1 and SIRT1 proteins 
interact in the VTA and are both down regulated in Clock&#8710;19 mice. The decreased levels of CRY1 
and SIRT1 found in Clock&#8710;19 mice may underlie the dis-inhibition at the TH promoter, ultimately 
leading to increased reward-seeking found in this model of bipolar mania. Therapies targeting these 
proteins represent promising avenues of research for treating addiction.  
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THE EFFECTS OF ARSENIC ON ADULT MUSCLE STEM CELLS AND SKELETAL MUSCLE INTEGRITY 
The impact of arsenic (As(III))-contaminated drinking water is a worldwide health concern and  
approximately 140 million individuals are exposed daily. Considerable attention has been paid to the 
developmental impact of metals on stem cell exposures that impair development; however, many 
questions remain as to how exposures modulate adult stem cell responses and, ultimately, tissue 
maintenance and regeneration. We investigated the impact of As(III) exposures on adult muscle stem 
cell (MuSC) responses and skeletal muscle integrity. MuSCs are of interest because muscle weakness 
and fatigue are common symptoms of arsenic exposure and MuSCs directly influence muscle 
maintenance, growth, and regeneration. We hypothesized that low-level As(III) exposures compromise 
MuSC metabolism to impair skeletal muscle maintenance and repair capacity. The studies implement in 
vivo mouse models, ex vivo analysis of MuSCs isolated from exposed mice, and cultured primary human 
MuSCs (hMuSCs). Mice were exposed to 100 &#956;g/L As(III) in drinking water for 5 weeks; isolated 
hMuSCs were exposed to varying As(III) concentrations (0-10 &#956;g/L). Muscle histology and 
ultrastructure were investigated using immunofluorescence and electron microscopy. MuSC growth 
kinetics and resistance to stress were also assessed. Findings demonstrate mitochondrial myopathy and 
morphological muscle changes in mice in vivo, sustained mitochondrial dysfunction ex vivo,  and altered 
cell division times of hMuSCs treated with arsenic when compared to control hMuSCs.   Hamed Safaeian 
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HUMAN IN A LOOP CONTROLLER 
Humans interact with machines in many different fields such as biomedical, military, and industrial. In 
each of these fields, there is a desire to make the human-machine interaction more efficient whether it 
is controlling military drones, or a robot for surgery. The human obtains sensory information from the 
machine and then sends commands back to it accordingly.  
The amount of information exchanged between the human and the machine is determined by how 
capable the human is, as well as how complex the task is. The task in this case is controlling an unstable 
system which is represented by the inverted pendulum system. 
The main goal of this project is to replace the human controller by a linear time invariant controller to 
stabilize the unstable system. This will benefit later for comparing the human controller with an 
automatic controller in terms of information flow within the feedback system. 
A MATLAB simulation of an inverted pendulum with varying time delays and lengths of the pendulum is 
to be controlled. A model of this control system would be developed to observe how the control loop 
responds to different inputs and delays. 
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DIMINISHED PERINEURONAL NET INTENSITY IN THE DORSOLATERAL PREFRONTAL CORTEX IN SUBJECTS 
WITH SCHIZOPHRENIA IS NOT DUE TO ANTIPSYCHOTIC MEDICATION 
The cognitive impairments of schizophrenia have been attributed to deficits in the dorsolateral 
prefrontal cortex (DLPFC), specifically in parvalbumin (PV) expressing interneurons that exhibit 
extracellular matrix structures known as perineuronal nets (PNNs). PNNs are thought to be involved in 
neuronal plasticity; their appearance corresponding with the end of critical periods during 
neurodevelopment. We used immunofluorescence analysis on a cohort of 13 matched control and 
schizophrenia subjects. Our examination of layer 3 of area 9 in the DLPFC for PV and PNNs revealed an 
11.8% decrease in double labeled (PV+/PNN+) cells. Further analysis at a higher magnification revealed 
this was likely attributed to weaker, and therefore harder to detect, PNNs in the schizophrenia subjects. 
To determine if the diminished PNN staining was due to the effects of antipsychotic medication we 
examined a paired monkey cohort containing a subgroup of haldol-treated primates.  We found that 
antipsychotic exposure itself did not alter the percentage of dual labeled cells. Thus we determined that 
the observed decrease in PNN intensity around PV positive cells was likely attributable to the disease 
pathology. This down regulation in PNN staining may alter the ability of PV interneurons to regulate 
pyramidal neuron activity, providing a possible compensatory mechanism to counter inadequate 
upstream excitation of pyramidal neurons.   
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ON THE HUNT: 35 NOVEL BACTERIOPHAGES ISOLATED ON HOSTS IN THE ORDER ACTINOMYCETALES 
There are an estimated 10^31 bacteriophages on the planet, representing the most abundant reservoir 
of novel genetic material.  These phages are thought to infect at a rate of 10^24/ second with the entire 
population turning over in 3 days time.  Some overarching themes that drive the exploration of phages 
in the Hatfull lab are:  “What are these bacteriophages?”, “How did they get to be that way?”, and 
“What genes control what functions?”  
Until now, the bacteriophages found in the Howard Hughes Medical Institute Professorship 
Phagehunting Program of Dr. Hatfull have all been isolated on a particular host, Mycobacterium 
smegmatis mc^2 155.  The search for phages to other related hosts began in earnest this year.  The goal 
of this research is to isolate, purify, and amplify as many phages to the bacterial hosts of order 
Actinomycetales as possible so that the genomic sequences of these phages can be compared. A total of 
35 phages have been found so far to 7 different hosts.  Twelve of the phage samples have DNA 
extracted and are prepared for sequencing.  Genome sequence annotation and analysis will then be 
done to address questions about their mechanisms of host infection and how these mechanisms came 
to be.  
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INVESTIGATION OF PAF1C INVOLVEMENT IN TRANSCRIPTIONAL REGULATION 
The conserved RNA polymerase II-associated Paf1 Complex (Paf1C) is known to promote histone 
modifications and has been found to be involved in both transcription elongation and RNA 3’-end 
formation. Furthermore, research in yeast has implicated a role for the Paf1C in genes regulated by 
transcription terminators, proteins that attenuate transcription under specific conditions. I have created 
S. cerevisiae mutants lacking both a complete and partial Paf1 D motif, which is recognized by the MAP 
Kinase Mpk1 to overcome transcriptional attenuation by terminators. With the use of these mutants, I 
can phenotypically assess Paf1C involvement in iron homeostasis and other transcription pathways. 
Additionally, a recent microarray has suggested the Paf1C to be involved in the expression of iron-
regulated genes, some of which are regulated by proteins involved in transcription termination. The 
microarray has indicated specific iron genes as likely overexpressed in S. cerevisiae lacking PAF1, a 
member of the Paf1C, relative to wildtype cells. I am investigating Paf1C involvement in their regulation, 
and I have confirmed the relative overexpression of certain iron genes in the absence of Paf1, as well as 
no observable change in RNA and protein levels of the key iron transcription factors, Aft1 and Aft2. The 
human Paf1C has implications in disease progression, development, and differentiation, making these 
studies of its functions clinically relevant to School of Medicine.   
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INVESTIGATION OF AN INTEGRASE-DEPENDENT MYCOBACTERIOPHAGE GENETIC SWITCH 
The diversity of temperate bacteriophages suggests there are vast genetic solutions for the 
establishment of either of the two phage life cycles- lytic or lysogenic growth.  We have discovered a 
novel genetic circuitry in which three genes in a small self-contained unit make the decision between 
the two phage life cycles.  Our system differs from the well-studied paradigms in several interesting 
ways.  The integrase, which catalyzes site-specific recombination between attachment sites in phage 
(attP) and bacterial DNA (attB), lacks an N-terminal arm type binding domain and contains a C-terminal 
tag for proteolysis.  This means the integrase lacks known directionality control, as it lacks bivalent DNA-
binding ability, and is subject to host proteases.  The attP is located within the open reading frame of the 
repressor, such that when the phage integrates into the host, the repressor is truncated and the 
integrase is severed from any known genetic element that regulates its expression.  This means that two 
forms of repressor with differing immunity activity exist and the genetic requirements for attP are 
unknown.  It also raises the question of how integrase expression is regulated, as there may be different 
sizes of integrase present before and after integration. Using mycobacteriophage Charlie, a 
representative member of this system, here we describe genetic approaches used to elucidate more 
about the requirements needed to accomplish integration and the mechanism for how the switch 
works.   
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A MICROFLUIDIC DEVICE FOR PRODUCING AND IMAGING BILAYER VESICLES 
A powerful tool for examining volume confinement of cells and subcellular processes is the microfluidic 
droplet generator, which generates reverse emulsion, or water-in-oil, droplets of controlled size. An 
important advancement in droplet microfluidics is the production of bilayer vesicles to better simulate 
cell membranes in vitro. In this study, we develop a microfluidic device for the production and imaging 
of bilayer vesicles. All devices were fabricated using PDMS soft lithography. Our device utilizes a flow-
focus nozzle to form reverse emulsion droplets with an inner aqueous phase of 12% ficoll and an oil 
phase of hexadecane containing 5 mg/mL 1,2-diphytanoyl-sn-glycero-3-phosphocholine (DPhPC) lipid. 
Droplets flow into a chamber containing an array of C-shaped hydrodynamic traps. Aqueous media 
washes away oil, leaving bilayer vesicles that can be imaged on-chip. We confirm vesicle permeability to 
water by performing an osmotic shock treatment, wherein we flow in a hyperosmotic external solution 
of 12% ficoll containing 0.5 M NaCl and observe a shrinking in vesicle size. The shriveling response of the 
droplets to a high external osmolarity confirms the presence of a water-permeable lipid bilayer, though 
we cannot yet confirm all oil has been removed. Our design is promising for many future applications in 
cell and molecular encapsulation. Droplet formation, trapping, conversion to vesicle, and imaging all 
take place on-chip, eliminating the risk of reduced vesicle yield due to off-chip treatments and imaging.   
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DOES A HISTORY OF HYBRIDIZATION UNDERLIE GYNODIOECY IN FRAGARIA VESCA SUBSP. BRACTEATA? 
Most flowering plants are hermaphroditic, capable of both male and female function. However, in some 
species male sterility mutations arise, creating females. Populations containing hermaphrodites and 
females are gynodioecious. Understanding ecological and genetic factors that promote or facilitate the 
spread of male sterility mutations gives insight into the incidence and biogeographic patterns of 
gynodioecy. Cyto-nuclear interactions commonly underlie gynodioecy. Here, mitochondrial genes that 
abolish pollen production (cytoplasmic male sterility: CMS) lead to females, but nuclear genes that 
restore pollen production generate hermaphrodites. Cyto-nuclear mismatch and male sterility are 
potential consequences of hybridization.  
In this study, we use a biogeographic approach to assess whether hybridization could be responsible for 
cyto-nuclear mismatch and gynodioecy in diploid Fragaria vesca  subsp. bracteata. We studied 
populations ranging across the United States and Mexico to determine whether they represent 
admixture between eastern F.v. americana and western F. v. bracteata. We utilized DNA sequencing of a 
chloroplast SNP that distinguishes the two subspecies, a putative CMS locus, and several nuclear SSR 
markers to characterize patterns of genetic variation and determine if they mirrored evidence of 
gynodioecy. Thus far, we have discovered four distinct haplotypes of the putative CMS gene in F. v. 
bracteata populations, confirming that there is variation within the mitochondrial genome that could 
potentially lead to cyto-nuclear mismatch. Additionally, these haplotypes show an east-west 
distribution, suggesting a non-random pattern in variation mirrored by that seen in the chloroplast. 
Preliminary evidence suggests that gene flow between subspecies could play a role in the presence of 
gynodioecy.   
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EVIDENCE FOR A FUNCTIONAL INTERACTION BETWEEN THE TRANSCRIPTION FACTOR RTF1 AND A 
PROTEIN INVOLVED IN SISTER CHROMATID COHESION 
Rtf1, Rkr1, and Chl1 are highly conserved proteins whose known functions lie in three separate 
pathways.  Rtf1 is a transcription factor that regulates specific histone modifications, Chl1 is a putative 
DNA helicase involved in maintaining sister chromatid cohesion, and Rkr1 is a ubiquitin ligase involved in 
protein quality control.  In budding yeast, combining deletions of RTF1 and RKR1 results in synthetic 
lethality.  This lethal interaction is rescued by deleting CHL1, implying that Chl1 plays some opposing 
role to Rtf1 and Rkr1.  To better understand the interactions between these proteins, a variety of 
phenotypic analyses were performed.  Strains with single mutations in each of these genes, as well as 
rtf1&#916; chl1&#916; and rkr1&#916; chl1&#916; double mutant strains were tested for a variety of 
drug sensitivities.  Interestingly, rtf1&#916; chl1&#916; cells showed exacerbated sensitivity to DNA-
damaging agents, suggesting that both Chl1 and Rtf1 are required to counteract DNA damage.  
However, rtf1&#916; cells were resistant to a microtubule depolymerizing agent, benomyl, even in the 
presence of a chl1&#916; mutation that conferred slight sensitivity to benomyl.  A similar phenomenon 
was observed when measuring defects in sister chromatid cohesion (SCC).  In these strains, chl1&#916; 
cells had a strong defect in SCC, while rtf1&#916; and rtf1&#916; chl1&#916; cells did not.  These two 
results support the idea that Rtf1 and Chl1 have opposing roles in yeast and suggest that Rtf1 may have 
a function separate from its previously described responsibilities in transcription.  Future studies will 
investigate if these results are related to Rtf1’s function in histone modification.   
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CHARACTERIZING THE EFFECT OF RNA POLYMERASE II TRANSCRIPTION ELONGATION FACTOR ELL2 ON B 
CELL DEVELOPMENT 
The transcription elongation factor ell2 modulates the switch of immunoglobulin heavy-chain mRNA 
from membrane-bound form to secreted form. This process is essential for the development of plasma 
cells and their ability to secrete antibodies, key mechanisms of immune protection. A decrease in the 
expression of RNA polymerase II transcription elongation factor has previously been shown to correlate 
with decreased serum antibody levels in mice. The objectives of this study are to: 1) determine if the 
decreased serum antibody levels in ell2 knock out mice are a result of decreased plasma cell number or 
a defect in antibody processing in the plasma cells, and 2) how the absence of ell2 affects development 
of other B cell subsets in mice. Multicolor flow cytometry is used to compare and identify distinct B cell 
subsets in the bone marrow, spleen, and peritoneal cavity from ell2 knock out mice and wild type mice. 
Preliminary data show a decrease in cell number of the following B cell subsets in ell2 knock out mice: 
plasma cells, transitional 1 cells, marginal zone progenitor cells, follicular 1 and 2 cells, and B1 and B2 
cells in the spleen; total B cells and recirculating B cells in the bone marrow; and B1-a cells and B2 cells 
in the peritoneal cavity. These results suggest that the decrease in plasma cell number may be 
responsible for the decrease in serum antibody levels observed in these mice. Furthermore, ell2 may 
also be important to the development of the aforementioned B cell subsets.   
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NEURAL CIRCUITS ACTIVATED IN RAT CAUDAL BRAINSTEM IN RESPONSE TO THERMAL CHALLENGE 
Body temperature regulation is a homeostatic function controlled by the central nervous system (CNS).  
The CNS rigidly constrains body temperature within a narrow range in response to environmental 
challenges, including pathogens, psychological stress, and metabolic signals related to energy 
consumption.  The rostral ventral medial medulla (RVMM) contains sympathetic premotor neurons that 
influence thermoregulation through brown adipose tissue metabolism and regulation of cutaneous 
blood flow. This is achieved through phenotypically heterogeneous populations of serotonergic and 
glutamatergic neurons that exert their influence via descending projections to autonomic cell groups in 
the spinal cord.  In this study we sought to test the hypothesis that different RVMM neurons are 
differentially involved in the hyperthermia generated in response to psychogenic and metabolic 
stressors.  As a first step, we characterized the neurochemical phenotype of neurons activated by cold 
exposure.  Markers of neuronal activation and serotonin phenotype were examined in RVMM of rats 
exposed to 4°C for 4 hours. The data demonstrate two phenotypically distinct groups of neurons 
activated by cold stress; a subset of the serotonin population and non-serotoninergic neurons that are 
concentrated in distinct subfields of RVMM.  Future studies will determine if this population is distinct 
from those neurons activated by psychological stressors. 
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EXPRESSION SYSTEM FOR DISTINGUISHING DIFFERENCES AMONG AQP7777 SPLICE VARIANT PROTEINS 
Aquaporins are cell membrane proteins that act as a channel for the transport of water across the cell 
membrane. Mutations in the c-terminus of human Aquaporin-2 lead to the development of Diabetes 
Insipidus, a disease that interferes with water retention. In this study, a specific aquaporin in Drosophila, 
AQP7777, and its multiple splice variants, are being investigated to characterize their functional roles in 
the cell. The splice variants differ at the C-terminus and thus it is thought that these multiple splice 
variants may lead to differences in trafficking. To test this hypothesis, an expression system must be 
designed and Saccharomyces cerevisiae (yeast) was chosen to use as a model organism. Yeast was 
chosen because it is a genetically tractable model for analysis of osmoregulation. Each splice variant was 
virtually created and subsequently synthesized and cloned into yeast expression vectors during the 2012 
HHMI Summer Workshop. These constructs were then analyzed for correctness, utilizing restriction 
digests and DNA sequencing. DNA sequence was compared with virtually produced sequence and 
evaluated for similarity. The results indicate several constructs did not contain the correct AQP7777 
insert while the remaining did contain the correct insert. The AQP7777 splice variants will be 
transformed into yeast and expressed in order to determine the difference between proteins produced 
from each variant.   
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INVESTIGATION OF THE ANGLE OF REPOSE OF GRANULAR MATERIALS IN LIQUIDS WITH VARIOUS 
DENSITIES AND INCLINES 
When a granular material is deposited on a surface, it naturally settles in a conical shape.  The angle of 
the incline of the sand with respect to the horizontal surface on which it rests is known as the angle of 
repose. This critical angle has been found to be affected by many physical properties of the aggregate, 
including its coefficient of friction with the horizontal plane on which it rests, the smoothness of the 
surface of the particles, and the shape of the particles. The angle of repose is observed in various 
structures, such as snow and soil on mountains and the settling of sediment in large bodies of water or 
rivers. It is also observed in the transportation of substances for human use, in substances such as flours 
and rice, or soil and small pebbles. Although substantial research has been done relating the angle of 
repose to the physical characteristics of the material itself, less is known about the effect of the 
surrounding environment on the angle of repose.  
The objective of this investigation is to use different modeling techniques to simulate the effect of fine 
particles settling in liquid mediums of various natural environments in order to identify a relationship 
between the angle of repose and the density of the liquid medium. The granular material will also be 
subjected to various degrees of incline in order to observe the effects on the angle of repose. 
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INVESTIGATING THE BUILDUP OF GALAXIES OVER TIME 
Galaxies such as our Milky Way are gravitationally bound systems containing billions of stars, as well as 
interstellar gas and dust. The mechanisms behind the formation and evolution of galaxies are central to 
our understanding of how the universe we observe today came to be. The spectrum (or the breakdown 
of light into thousands of different colors) of light emitted from a galaxy contains information about the 
stellar population in that galaxy. Data from the DEEP2 Redshift Survey were used to measure the 
D(4000) and H&#948; spectral indices (used as indicators of star formation history) for ~10,000 galaxies. 
Due to the finite speed of light, we see distant galaxies as they were in the past. Since the galaxies in 
DEEP2 cover a wide range of distance (corresponding to looking back up to 7 Gyr), we are able to 
investigate how the rate of new star formation has changed over time.   
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RT-DNA INTERACTIONS AS EXAMINED BY SINGLE MOLECULE FLUORESCENCE SPECTROSCOPY 
Even with the advanced methods of science and technology present today, finding a reliable cure for the 
HIV virus has been a struggle due to the fact that HIV easily becomes immune to medications. In order 
to gain a better understanding of how HIV-1 Reverse Transcriptase (RT) binds and interacts with DNA, 
single-molecule fluorescence spectroscopy was performed using Total Internal Reflection Fluorescence 
Microscopy. TIRF is a technique that minimizes background noise through excitation of molecules only 
at specific distances.  PEGylated flow cells are used to bind DNA to the slide’s surface, which is then 
treated with increasing concentrations of RT.  As of right now, no definitive conclusions have been made 
yet (the research is still occurring), but the general trends have shown that the higher the concentration 
of RT solution, the higher the rates of RT-DNA binding. What we as a student lab group do is shadow our 
mentor as he performs his experiments. Sometimes we do the experiments for him, with his supervision 
and guidance. Additionally, we read supplementary research articles so that we can understand the 
ways other science groups are analyzing DNA-protein interactions at the molecular level. The bigger 
implication of this research is to potentially contribute to the quest of finding a complete cure for the 
HIV virus by developing successful anti-retroviral drugs. 
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INVESTIGATION OF START/EXTENDED START-ASSOCIATED SEQUENCES IN MYCOBACTERIOPHAGE 
ADEPHAGIA 
As the most numerous biological entities on the planet, bacteriophages represent a ubiquitous pool of 
extremely diverse genetic information. Cluster K mycobacteriophages are especially of interest due to 
their ability to infect Mycobacterium tuberculosis. 
All Cluster K phages contain a series of highly conserved, 13 bp start-associated sequences (SAS) 
upstream of the translation initiation sites of a subset of non-structural genes. Approximately half of 
these SASs are also accompanied by 17 bp long inverted repeats further upstream, which are referred to 
as extended start-associated sequences (ESAS). The function of SAS and ESAS are completely unknown 
and we propose to determine their function using Adephagia, a cluster K1 phage as the experimental 
model.  
All ESAS in Adephagia show homology to known translation initiation sequences. The SAS/ESAS 
associated gene gp73 of Adephagia has been deleted using BRED (bacteriophage recombination through 
electroporated DNA) and has been determined to be non-essential, meaning that its absence does not 
prohibit phage infection. No phenotypic differences between Adephagia &#916;73 and wildtype 
Adephagia have been identified. A ~300 bp region upstream of gp73, which contains both an SAS and an 
ESAS, has been cloned into a plasmid with a promoter-less reporter mCherry gene to detect any 
promoter activity, but current data is inconclusive. Future work will concentrate on deletion of other 
Adephagia genes associated with SAS/ESAS and finishing the promoter trap assays in order to give 
insight regarding the function of SAS/ESAS.   
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MEASURING THE FREQUENCY RESPONSE OF A PIEZOELECTRIC TRANSDUCER 
A piezoelectric exhibits the phenomenon known as the piezoelectric effect. When this material is 
subjected to mechanical stress, an electric field is induced across it. The effect can be reversed, i.e. if an 
electric field is induced across a piezoelectric, it will deform as if subjected to a mechanical stress. 
Typically, a piezoelectric is coated with a thin layer of metal, creating what can be thought of as a 
parallel plate capacitor with the piezoelectric as the intermediate insulator. Therefore, when a voltage is 
applied across the plates, an electric field is induced across the piezoelectric, causing it to deform. A 
linear relationship exists between the applied voltage and deformation at low frequencies. But due to 
the nature of capacitors, the true relationship is frequency dependent. 
Our goal is to measure the resonant frequency of our piezo and determine the frequency range in which 
a linear approximation between voltage and displacement is valid. The piezo will be attached to one arm 
of an interferometer. Therefore, its displacement will be measured through the intensity of the central 
interference fringe, giving displacement as a function of voltage. These results will provide a range in 
which a linear approximation is valid.   
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Improving the Ability to Genetically Manipulate the Human Pathogen Toxoplasma gondii using 
Pharmacological and Genetic Approaches to Inhibit Non-Homologous End-Joining 
In the human pathogen Toxoplasma gondii, non-homologous end-joining (NHEJ) repair of double 
stranded DNA (DS DNA) breakage is highly potent and limits the frequency of homologous 
recombination during genetic manipulation of the parasites. Others have shown T. gondii strains lacking 
the Ku80 gene for a NHEJ-associated protein have increased homologous recombination; however, the 
inability to repair DNA results in genome instability. Thus, our goal is to find a pharmacological or 
genetic way to temporarily disrupt NHEJ in T. gondii to facilitate gene tagging and knockout 
experiments. 
Our preliminary data show that wortmannin, an inhibitor of the NHEJ-associated DNA protein kinase, 
can transiently disrupt NHEJ in T. gondii.  Using phleomycin to induce DS DNA breaks in parasites treated 
with and without wortmannin, we have shown that parasites treated with phleomycin and wortmannin 
are four-fold more susceptible to phleomycin compared to controls, suggesting that wortmannin may 
prevent NHEJ repair of DS breaks. We are now using wortmannin to either endogenously tag or 
knockout genes of interest and hope to demonstrate increased success with this approach.  In parallel, 
we will attempt to temporarily disrupt NHEJ genetically. Others have shown that a highly conserved 
portion of the Ku80 C-terminus inhibits NHEJ by competing for binding sites of downstream kinases. We 
plan to create a plasmid containing a destabilizing domain and a peptide complimentary to the C-
terminus of T. gondii Ku80 so that the interfering peptide can be temporarily expressed using the 
stabilizing ligand and hopefully inhibit NHEJ to facilitate similar knockout and tagging experiments.   
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STATISTICAL SHAPE ANALYSIS OF THE HUMAN RIGHT VENTRICLE WITH AND WITHOUT PULMONARY 
HYPERTENSION 
Pulmonary hypertension (PH) is a cardio-pulmonary disease affecting all ages and racial populations. 
One particular observation is that PH induces substantial deleterious changes to right ventricular shape 
and function. Therefore, the state of the right ventricle (RV) is commonly thought to be a major 
determinant of symptoms and survival rates for PH. However, there are few methods which have been 
successfully applied to diagnose the progression of PH.  As such, the primary aim of this project is to 
develop and assess methods for statistical shape analysis applied to quantify RV changes due to PH. In 
the long-term, this research is intended to fundamentally improve diagnosis and understanding of PH 
through clinically obtainable metrics. The present work analyzed a set of cardiac computed tomography 
images that were segmented to produce a set of RV endocardial surfaces which could be examined with 
shape analysis techniques. Two shape analysis methods were applied and compared, a novel technique 
that uniquely combines harmonic mapping with proper orthogonal decomposition and a more 
traditional method known as SPHARM-MAT. The novel technique was found to be more efficient in 
representing the shape patterns, and more importantly, this new approach discriminated pathologic 
groups more clearly than SPHARM-MAT.   
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A STUDY OF SPITZER IR SPECTRA OF CARBON-RICH POST-AGB TARGETS 
Main sequence stars produce energy by burning hydrogen into helium, and when intermediate-mass 
stars, such as the Sun, have exhausted their supply of hydrogen, they will evolve into giant stars.  These 
old stars pass through several evolutionary phases as giants, then produce dust as they lose their outer 
layers and become planetary nebulae (PN).   We can study the infrared spectra of objects in the short-
lived transition phase between giant and PN, in order to determine the composition of the dust.  If we 
can find this composition, we will ultimately acquire a better understanding of how a star evolves from 
the giant to the white dwarf phase.  To that end, I analyzed spectra of 42 targets in the transition phase, 
called the post-Asymptotic Giant Branch (PAGB) phase, focusing in particular on spectra that displayed 
unusual emission features at 11 &#956;m or 21 &#956;m, the origin of which is not well-understood.  By 
analyzing the spectra, we can correlate these unknown features with features that are known, and make 
inferences about the chemistry of the molecules that emit at 11 &#956;m and 21 &#956;m.  We find 
that the 11 &#956;m molecule appears to be highly processed and capable of surviving a high-energy 
radiation field, while the 21 &#956;m molecule may break down in a high-energy radiation field that the 
11 &#956;m molecule exists in, thus explaining why no spectrum contains both features.  We also 
identify two previously unreported spectra containing features of fullerene, the C60 molecule.   
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SALMONELLA HUMAN PROTEIN-PROTEIN INTERACTIONS 
Salmonella enterica Typhimurium is an endopathogen most commonly found responsible for cases of 
food poisoning; on extreme levels, it can lead to diseases from Enteritis to typhoid fever. Because of its 
vast host range, Salmonella can infect plants, animals, humans, and other organisms. The major concern 
with species of bacteria like this one is how they interact molecularly with living cells, so much so that 
death of the host organism can result. That is the broad perspective of what I am working on in a project 
called Salmonella-Human Protein Interactions, figuring out how Salmonella interacts with living cells; 
proteins, with their immense chemical and structural diversity, are the molecules that we are working 
with. Research has discovered so many ways in which proteins can interact with one another, such as 
through hydrogen ionic bonding. My role is to dig deeper into one of these interactions. The idea is to 
construct a hypothesis on how proteins from Salmonella can interact with proteins from a host cell, and 
then devise an experiment for validation. Although scientists have already uncovered the secrets behind 
several of these interactions, there are still many more to be discovered; proteins are the most 
abundant and diverse group of macromolecules, so finding out all possible interactions is a tall order. 
With a variety of techniques like replicating DNA, extracting proteins, and growing bacteria on agar 
plates, I am given the opportunity to explore how these infectious bacteria use their proteins to 
manipulate other living cells. With an accumulation of interactions discovered by others, we can add to 
the list of known interactions and move one step closer to learning about these fascinating pathogens.  
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SALMONELLA HUMAN PROTEIN-PROTEIN INTERACTIONS 
Abstract:  Salmonella-Human Protein-Protein Interactions 
Salmonella enterica Typhimurium is a facultative endopathogen that causes a host of diseases – ranging 
from enteritis to typhoid fever. It is the most frequent food-borne disease, and is responsible for the 
deaths of 3 million people per year worldwide. In humans, very little is known about which S. enterica 
TyphimuriumSalmonella membrane proteins exactly react with which membrane proteins on or inside a 
given human host cell, and the objective of this study is to map out and identify all the human-
Ssalmonella protein-protein interactions present. Doing so requires a tremendous amount of 
collaboration and coordination between many researchers, and our work in this project involves 
validation by small scale experiments. With the small knowledge base known so far regarding these 
interactions, a computer program (protein-mapping database diagram) will be used to create a list of 
the most likely human-Ssalmonella protein-protein interactions present. Then, through trial and error, 
we will test these specific interactions, to see if they do indeed interact. These tests involve culturing E. 
coli cells with manipulated DNA so the cells express the necessary proteins. Extraction, purification, and 
characterization of the proteins will then proceed, and finally a “pull-down experiment” with SDS-PAGE 
and Western blot protocols will be performed to see exactly which human and Ssalmonella proteins 
interact. As more and more results are obtained, whether testing positive for interactions or not, they 
will be inputted back into the computer as new data to ultimately create a more refined and accurate 
program. Through this cycle of increasingly accurate educated guesses and methods of trial and error, 
we hope to map out all the protein-protein interactions between S. enterica Typhimurium and human 
cells, so newer and more effective School of Medicines can ultimately be created. 
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THE ROLE OF OXYTOCIN NEURONS IN THE HYPOTHALAMIC CONTROL OF ENERGY BALANCE 
Neurons in the paraventricular nucleus (PVH) of the hypothalamus play an important role in the 
regulation of diet and energy expenditure. Neurons in the PVH have been shown to modulate the 
responsiveness of neurons in the hindbrain (nucleus tractus solitarus, NTS) to satiety signals from the 
stomach and GI tract. Moreover, PVH neurons are proposed to play an intermediate role in neuronal 
communication between leptin-responsive neurons in the arcuate nucleus (ARC) and satiety neurons of 
the NTS. This project focused on the physiological role of Oxytocin (OXT) neurons in the PVH. Since 
different energy states appear to affect neuron activation in the brain, we hypothesized that there 
would be differences in OXT neuron activity between fasted and refed mice. We tested this using c-fos 
immunoreactivity as a marker of neuronal activation in the fed or fasted state. Neurons activated by 
refeeding don’t appear to contain oxytocin peptide, suggesting that OXT neurons may not be activated 
during refeeding. To further investigate the connections between PVH neurons, we used transgenic 
mice and a Cre-dependent wheat germ agglutinin (WGA) viral vector to identify OXT neurons and their 
axonal target neurons, thereby allowing us to map local PVH neuronal pathways. The results suggest 
that OXT neurons are indeed communicating with other PVH neuronal subpopulations. We propose that 
this communication within the PVH is an important component of feeding regulation. Future 
experiments will identify the specific neuronal populations with which OXT neurons communicate in 
order to better understand the complicated neural network of appetite regulation.   
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SUBSTANCE P(SP) ENHANCES THE STEMNESS OF RAT PATELLAR TENDON STEM CELLS 
Tendon injuries greatly affect people’s everyday life. It’s known for slow recovery rate and insufficient 
restore of structure and function. Adult stem cells play important role in tissue repair and regeneration, 
as tendon stem cells were first identified and isolated in 2007, more researches have turned to it on 
tendon repair. The slow recovery rate may partly attribute to the inactivation of stem cells. Substance P 
(SP), a well-known neuro-peptide, was recently reported as stem cell stimulating agent that improved 
BMSC proliferation; it implies SP may also affect other stem cell including tendon stem cell. Some In vivo 
studies found injection of SP in the wounded tendon accelerated the healing process. 
 Our research is focus on determining substance P’s effect on tendon stem cells using in vitro rat patellar 
stem cell culture model.  
Tendon stem Cells were harvested from 9-week-old SD rat patellar and cultured in 20%FBS+DMEM 
medium. SP were added every 24h at 0nM (control), 1nM, 10nM and 100nM. Cell numbers and related 
gene expression were checked. 
After 4d’s culture, cell numbers in 10nM and 100nM group are significantly increased compare to 
control group which indicated SP stimulates the stem cell proliferation. The expression of stem cell 
marker Oct-4 and Nanog were greatly increased in 10nM and 100nM group with a dose-dependent 
manner which indicated Substance P facilitates the stem cell self-renewal process.  
We concluded that SP stimulates tendon stem cells proliferation and self-renewal process. We suggest 
SP may be utilized in clinical treatment for tendon injury.  
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Defining the Role of Peptide Charge on Release Kinetics from PLGA (poly(lactic-co-glycolic) acid) 
Microparticles 
Controlled release formulations can dramatically increase the safety and efficacy of peptide therapeutics 
by increasing the drug’s therapeutic index and improving patient compliance. This technology often 
takes the form of biodegradable polymers that encapsulate a therapeutic agent and slowly release it as 
they breakdown over weeks or months. However, controlled release formulations often release 
macromolecules in a counterintuitive manner; possibly due to the fact that polymers and 
macromolecules both possess charged functional groups whose potential for interaction remains poorly 
characterized. To determine the impact of peptide charge on release kinetics, peptides of varying 
average charge were encapsulated in microparticles fabricated with PLGA polymers. These controlled 
release formulations encompass the impact of the therapeutic peptide, initial polymer charge, and 
polymer degradation, whose products are anionic.  Release studies were performed for peptide-loaded 
microparticles. These studies revealed that positive charge on a peptide dramatically impedes its rate of 
release. The effect appears largely independent of the polymer’s initial charge.   
 
 